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REMARKS 

Claims 3. 11, 12. 13, 17, 18, 19, 20, 22. 30, 31. 32. 34. 35, 36, 44, 47. 48, 
and 49 have been cancelled. Claims 37-40 and 42 have been amended. New 
claims 50-68 have been added. Claims 1, 2, 4-10, 15-16, 21, 23-29, 37-40. 42. 
and 50-58 are now pending In the application. No new matter has been added 
by amendment. Reexamination and reconsideration of the claims as amended 
are respectfully requested. 

Claim Rejections - 35 USC § 112, second paragraph 

The Examiner rejects claims 3, 11-13, 18-20, 22, 30-32, and 47-49 under 
35 U.S.C, 112 second paragraph, as being Indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the 
invention. The Applicant traverses the rejection. 

The Examiner rejects claims 3 and 22. Claims 3 and 22 have been 
cancelled. 

The Examiner rejects claims 11 and 30. and dependent claims 12-13 and 
31-32. Claims 1 1 . 12, 13, 30. 31, and 32 have been cancelled. 

The Examiner rejects claims 18 and 47, and dependent claims 19-20 and 
48-49. Claims 18. 19. 20. 47, 48, and 49 have been cancelled. 

The Examiner states that the dependent claims cited in this rejection fail 
to further limit the claims from which they depend. The Examiner suggests that 
the claims be placed in a product -by-process fomriat. New daims 51-58 reflect 
that suggestion. The Examiner also suggests that the claims should be drafted 
in tenms of methods of making a plant by comprising transfomning the 
exemplified plant of claim 2 or 21 . New claims 55-58 reflect that suggestion. 

Claim Rejections - 35 USC § 112, first paragraph 

The Examiner rejects claims 3, 9-13, 15-20, 22, 28-32, 34-40, 42, 44, and 
47-49 under 35 U.S.C. 112, first paragraph, as containing subject matter which 
was not described in the specification in such a way as to reasonably convey to 
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one skilled in the art that Vne Inventors, at tlie time the application was filed, had 
possession of the claimed invention. The Applicant traverses the rejection. 
Claims 3. 11. 12. 13, 17, 18. 19. 20. 22, 30, 31. 32. 34. 35. 36. 44. 47. 48. and 
49 have been cancelled. Claims 37, 38, 39, 40, and 42 have been amended. 
New claims 50-58 have been added. 

The Examiner rejects claims 11, 15-16, 30. 34-35 and their dependent 
claims and states that the claims "are broadly drawn to any transgenic plant 
which contains any heterologous transgene of any sequence conferring any trait, 
and methods of making and using the transgenic plants." The Examiner rejects 
claims 3. 18-20, 22, and 47-49 and their dependent claims and states that the 
claims "are broadly drawn to any 'single gene conversion' plant comprising one 
or more traits including male sterility introgressed into the claimed variety by 
backcrossing or other traditional means, and methods of using these plants." 
The Examiner states that "no guidance has been provided for the introgression 
of any single trait from a multitude of non-disclosed and uncharacterized 
parentals into the claimed variety, wherein said introgression should result in 
successful expression of the desired trait but should not interfere with the 
expression of the remaining traits whose combination confers patentability to the 
instantly exemplified variety, and which introgression should not introduce 
unwanted linked genetic material into the exemplified cultivar which would disrupt 
its patentably unique genetic complement" 

Claims 3. 11, 12. 13, 18, 19, 20, 22, 30, 31, 32. 47. 48, and 49 have been 
cancelled and new claims 51-58 have been added. The new claims are In the 
method and product-by-method format requested by the Examiner. The claims 
include the well known methods of producing backcross and transgenic 
conversion plants. The product-by-process claims are further limited by 
specified conversion or transgenic traits, which include the traits of insect 
resistance, herbicide resistance, disease resistance, waxy starch, and male 
sterility. 
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While the Examiner states that the claims encompass "any transgenic 
plant which contains any heterologous transgene of any sequence conferring 
any traif . the Applicant points out that it is not claiming so broadly as to claim 
any maize plant, regardless of source, comprising those traits. The Applicant Is 
claiming PH0R8 or a limited set of plants derived therefrom that have obtained 
significant genetic contribution from PH0R8. 

Applicant respectfully points out that examples of transgenes, genes, and 
traits that can be backcrossed into the PH0R8 are given in the application on 
page 20. lines 16-34, and also on page 22, line 20, through page 32, line 4. In 
order to expedite prosecution new claims 52 and 56 list the type of traits that 
may be conferred by backcross conversions and transgenes. Claim 52 also 
specifies that PHORB is used at least bwice as a recurrent parent in the 
development of a backcross conversion plant Breeders, by using molecular 
markers, may obtain up to 98% genome identity between the backcross 
conversion and the recurrent parent after two backcrosses. See Marker-assisted 
Selection in Backcross Breeding. Openshaw, S.J. et al. Marker-assisted 
selection in backcross breeding. In: Proceedings Symposium of the Analysis of 
Molecular Data, August 1984, pp. 41-43. Crop Science Society of America. 
Corvallis, OR (1994) included as Appendix A > Inbred PH0R8 transformed to 
comprise a transgene is also easily identifiable through the use of molecular 
markers. The transgenic version of PH0R8 would have the same molecular 
profile as PH0R8, with the possible exception of a marker used in the profile that 
is located at the site of transgene insertion. However, in this case, the plethora 
of other identical markers would identify the line as a transgenic variant of 
PH0R8. 

Applicant points out to the Examiner that at the present time. It is not 
typical that a transgene be Incorporated into each newly developed line, such as 
PH0R8, by direct transformation. Rather, the more typical method used by 
breeders of ordinary skill in the art is to incorporate the transgene into a new line 
by taking an already transformed plant line and using it as a donor line to 
produce a backcross conversion. Thus, the well established method of 
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backcrossing has been used and is the most common means of Introgressing 
the claimed traits into new material. 

In the specification on page 4, lines 7-13, It states, "Backcrossing can be 
used to transfer a spectfic desirable trait from one inbred or source to an inbred 
that lacks that trait. This can be accomplished, for example, by first crossing a 
superior inbred (recurrent parent) to a donor inbred (non-recurrent parent), that 
canies the appropriate gene(s) for the trait in question. The progeny of this 
cross is then mated back to the superior recurrent parent followed by selection in 
the resultant progeny for the desired trait to be transferred from the non- 
recurrent parent." The method of backcrossing genes into an inbred maize plant 
is well known and well understood to one of ordinary skill in the art. The method 
has been successfully used since the 1950's (see pages SSS-SBe of Wych. 1988 
included in the Information Disclosure Statement). In the specification, on page 
20, lines 16-34, there is a description of how to backcrosa traits into PH0R8. 
which Includes the claimed traits. Examples of how one of ordinary skill in the art 
can transfer a gene conferring a qualitative trait into a variety through 
backcrossing is demonstrated by the fact that the commercial market now 
distributes a multitude of products produced In this manner. Such conversion 
lines are easily developed without undue experimentation, Poehlman et al. 
(1995) on page 334, submitted in the information disclosure statement, states 
that, "A backcross-derived inbred line fits into the same hybrid combination as 
the recurrent parent inbred line and contributes the effect of the additional gene 
added through the backcross," Wych (1988) on page 585-86. also submitted in 
the information disclosure statement, discusses how the male sterility trait is 
routinely backcrossed into an inbred line and how this is used to produce a 
sterile/fertile blend of an F1 hybrid in order to reduce seed production costs. In 
fact, many commercial products are produced in this manner, and those of 
ordinary skill in the ari: consider the F1 hybrid produced with the male sterile 
(backcross conversion) inbred to be the same variety as the F1 hybrid produced 
with the non-backcross conversion Inbred. 
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As a result of the repeated use of the recurrent parent, the backcross 
conversion has many genetic alleles in common with the recurrent parent. Thus, 
genetic analysis may be used as a means of identifying the backcross 
conversion. The F1 hybrid made with a transgenic version or a backcross 
conversion of PH0R3 is also identifiable by the use of genetic markers, because 
the hybrid would contain one set of alleles from each parent The Examiner 
also states that the Applicant has not characterized parentals. Applicant 
respectfully disagrees. In a backcross conversion the deposited material is 
repeatedly used as the parental line. 

The Examiner rejects claims 9-10, 12-13, 15-17, 28-32, 34-40, 42. and 44 
and states that the claims "are also broadly drawn to any plant produced by 
crossing the exemplified inbred line with any of a muftitude of non-exemplified 
plants, or any descendent of the exemplified cultivar obtained by using that 
cuttivar as one parent in a series of undisclosed crosses for an undisclosed 
number of generations and with undisclosed breeding partners." 

The Examiner rejects claims 9, 10. 28, and 29, that claim the F1 hybrid 
seed and F1 hybrid plant made with PH0R8 as a parent. Applicant notes that a 
claim to the F1 hybrid made with a deposited inbred was expressly 
acknowledged without resen/ation by the United States Supreme Court In J.E.M. 
Ag. Supply, Ina. v. Pioneer HhBred Intl Inc., 60 USPQ 2d 1865.1873 (S.Ct. 
2001), when the Supreme Court wrote, "...a utility patent on an Inbred plant line 
protects the line as well as all hybrids produced by crossing that inbred with 
another plant line." Further, one of ordinary skill in the art would know how to 
cross PHORB with another maize plant. The F1 hybrid seed and plant produced 
using PH0R8. regardless of the other maize plant used» is identifiable because it 
will have one set of alleles coming from PH0R8. One of ordinary skill in the art 
would be able to run a molecular profile on PH0R8 and the F1 hybrid and be 
able to identify the F1 hybrid as being produced from PHORB. Seed pericarp 
tissue, which is solely maternal in origin, can be used to discern the maternal or 
paternal origin of the allele sets if necessary. See page 16 of Poethig. R,S. 
1982. Maize, the plant and its parts. In: W.F. Sheridan (Ed.) Maize for 
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Biological Research, University of North Dakota Press, Grand Forks, ND. pp. 9- 
18, submitted as Appendix B . 

As stated in the specification on page 15, lines 1-16, there are many 
laboratory-based techniques available for the analysis comparison and 
characterization of plant genotype such as Restriction Length Polymorphisms 
(RFLPs) and Simple Sequence Repeats (SSRs). Such techniques may be used 
to identify whether or not PH0R8 was used to develop a hybrid. The Applicant 
also submits to the Examiner the journal article by Berry et al. (2002). This 
article discusses the probability of identifying the parents of the hybrid by SSR 
data when neither parent is known and without the use of pericarp analysis. A 
copy of the article by Berry et al. is attached to this Amendment and Request for 
ReconsWeration as Appendix C. The results of the experiment showed that 
using 100 SSR loci markers resulted In correct parental ranking of rnbreds for 53 
out of 54 hybrids. Applicant also points out that any breeder of ordinary skill in 
the art will know the identity of both parents used to produce a hybrid. 

The Examiner rejects claims 15-17. Claims 15 and 16 remain pending 
and are to methods of developing a maize plant through the utilization of PH0R8. 
Applicant points out that anyone of skill in the art would know how to utilize these 
welt established breeding methods with PH0R8. Description of such occurs 
throughout the specification and descriptions can also be found in introductory 
plant breeding books. 

The Examiner rejects claims 40 and 42. Claims 40 and 42 have been 
amended. New claim 50 has been added. Claim 40 is to the method of 
producing a first generation PH0R8-derived hybrid maize plant. Applicant 
believes the patent office has previously Indicated this claim scope as allowable 
and requests that this rejection be withdrawn. Claim 42 is to the method of 
selfing the first generation hybrid PH0R8 for successive filial generations. This is 
a basic and well known breeding methodology, and the use of this methodology 
with PH0R8 is described in the specification on page 20, lines 1 to 15. Claim 50 
is to plants derived from claim 42 that have at least 50% of their genetics derived 
from PH0R8. These claimed plants are cleariy described by their method of 
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production, which requires the use of PH0R8. Such plants must be produced 
through the use of PH0R8 and the Examiner acknowledges that PH0R8 is 
clearly Identified. Further, Applicant has added the limitation of at least 50% 
inheritance from the PH0R8 side of its pedigree to further emphasize the 
significant influence of PH0R8 In the claimed product. Genetic inheritance has 
been accepted by both courts and governmental agencies as an accurate and 
reliable means of identification. In patemity cases courts routinely compel 
genetic testing of putative fathers to establish paternity, and federal law 
mandates that states have laws requiring that genetic test results be admissible 
in such cases without the necessity for foundation testimony or other proof. 42 
U.S.C. 666(a)(5)(F)(iii)(Supp. V 1999). In such cases, a child will, on average, 
inherit 50% genetic contribution from each parent. Similarly, the plants produced 
by the method of claim 42 will also, on average, inherit 50% genetic contribution 
from each parent. 

Applicant requests that the Examiner examine the sufficiency of 
description of claim 50 with all of its claim limitations, including the limitation that 
the progeny be produced by the method of claim 42, with the use of PH0R8 and 
retaining at least 50% genetic contribution from PH0R8. One of ordinary skill in 
the art would know how to cross PH0R8 to develop an F1 hybrid and also how to 
self plants derived from the cross with PH0R8. In Ex parte Parks, 30 USPQ 2d 
1234 {B.P.A.I. 1994), the Board of Appeals stated. "Adequate description under 
the first paragraph of 35 U.S.C. 112 does not require //Yera/ support for the 
claimed Invention. Rather, It is sufficient if the originally-filed disclosure would 
have conveyed to one having ordinary skill In the art that an appellant had 
possession of the concept of what is claimed." Emphasis added. In J.E.M. Ag. 
Supply, the Supreme Court also acknowledged the value of a newly developed 
line In further breeding, when it stated that, "...a breeder can use a plant that is 
protected by PVP certificate to 'develop' a new inbred line while he cannot use a 
plant patented under §101 for such a purpose." Id. at 1873. 

The Examiner cites the Federal Circuit as stating that the written 
description of an invention "requires a precise definition, such as by structure, 
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formula, [or] chemical name, of the claimed subject matter sufRclent to 
distinguish it from other materials." University of California v. Eli Ully and Co., 
119 F. 3d 1559. 1568; 43USPQ2d 1398. 1406 (Fed. Cir. 1997), The Applicant 
has fulfilled this written description requirement through the seed deposit of 
PH0R8. As described In the specification, lines 1-16 on page 15, the seed 
deposit allows one of ordinary skill to run a molecular profile of PH0R8. 
Applicant submits the molecular profile of inbred line PH0R8 in the declaration of 
Dinakar Bhattramaklci attached hereto as Appendix D . Further Applicant amends 
the specification to include such SSR profile. Such SSR profile Is not new 
matter, as it is an inherent feature of Inbred line PH0R8. a representative sample 
of which has been deposited with the ATCC. For example, see Ex parte Marsili, 
RosettI, and Pasaualucci. 214 USPQ 904 (1972). In which the Patent and 
Trademark Ofnce Board of Appeals held that It was not new matter to amend the 
structure of a compound when a more refined analytic investigation showed a 
con-ected formula. The Board, relying on well established cases of In re Nathan 
etal, 51 CCPA 1059, 328 F.2d 1005. 140 USPQ 601 (1964); In re Sulkowski . 
487 F.2d 920. 180 USPQ 46 (CCPA 1973); Soero v. Rinoold 54 CCPA 1407, 
377 F.2d. 652. 153 USPQ 726 (1967), and Petisi et al. v. Rennhard et al.. 53 
CCPA 1452, 363 F. 2d 903, 150 USPQ 669 (1966) concluded that the "products 
described, exemplified and claimed by Appellants inherently had and have now 
the structure given in the amendment In question. Consequently, the changes 
made in this amendment do not constitute new matter. Marsili at 906. Similariy, 
in the present case, inbred line PH0R8 inherently had and still has the SSR 
marker profile being added. One of ordinary skill in the art can use molecular 
markers to identify PH0R8, a transgenic version of PH0R8. a backcross 
conversion of PH0R8 and the F1 plant of the transgenic version and backcross 
conversion of PH0R8, 

The Examiner also stated, in reference to Lilly, that, "the court also 
concluded that 'naming a type of material generally known to exist, in the 
absence of knowledge as to what that material consists of, is not a description of 
that material. Id." This is not the case here. Applicant has created a novel line 
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and seeks a scope of protection that adequately protects the invention. 
Applicant believes that the derivatives, variants and closely related progeny 
easily and routinely created by use of this newly developed line are 
encompassed within the scope of the invention of the variety itself. These 
derivatives, variants and closely related progeny derive direct and substantial 
benefit from Applicant's work and deserve to be included within the scope of the 
claims. Thus, the issue here is patent scope around what has already been 
created (and deposited) by Applicant. The fact that the progeny have not been 
created does not prevent them from being protected in this manner. As stated in 
IWPEP 2163 (3) (a), "An invention may be complete and ready for patenting 
before it has actually been reduced to practice." 

In Enzo vs. Gen-Probe. U.S. State Court of Appeals for the Federal 
Circuit. 63 USPQ 2d 1609, the court reversed its prior decision regarding the 
Insufficiency of the deposited genetic probes to meet the written description 
requirement. In so hoWing, the court stated, " As the deposited sequences are 
about 850, 8500, and 1300 nucleotides long, .... there are at least hundreds of 
subsequences of the deposited sequences, an unknown number of which might 
also meet the claimed hybridization ratio. Moreover, Enzo's expert. Dr. Wetmur. 
stated that 'astronomical' numbers of mutated variations of the deposited 
sequence also fall within the scope of those claims, and that such broad claim 
scope is necessary to adequately protect Enzo's invention from copyists who 
could othenvlse make minor change to the sequence and thereby avoid 
infringement while still exploiting the benefits of Enzo's invention. The 
defendants assert that such breadth is fatal to the adequacy of the written 
description. On the other hand, because the deposited sequences are described 
by virtue of a reference to their having been deposited, it may well be that 
various subsequences, mutations, and mixtures of those sequences are also 
described to one of skill in the art We regard that question as an issue of 
fact...." 

The issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. PH0R8 is a unique inbred, as 
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evidenced by the morphological and physiological traits given in Table 1 , pages 
17-19, of the application. Routinely used nnolecular techniques, discussed on 
page 15, lines 1-16 of the application, can be used to verify whether PH0R8 is 
within the pedigree of a claimed plant. One of ordinary skill in the art would also 
know from breeding records If PH0R8 were utilized In the development of a 
claimed plant. 

As stated In the written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed invention with all 
its limitations using such descriptive means as words, stnjctures, figures, 
diagrams, and formulas that fully set forth the claimed invention. Possession 
may be shown in a variety of ways, including... by describing distinguishing 
identifying characteristics sufficient to show that the applicant was in possession 
of the claimed invention." 1255 Official Gazette 140 (Feb. 5, 2002). Phenotypic 
traits are used in the text of the specification. Genetic and other molecular 
profiles may be obtained from the deposit. Once a line is identified as being 
PH0R8, one of ordinary skill In the art would also easily be able to determine 
which progeny they develop from that line fall within the scope of the claims. 

Within the plant breeding arts, breeders use pedigree as a means to 
characterize lines In reference to their progenitors. It is unambiguous and easily 
traceable through breeding records that are maintained by any breeder of 
ordinary skill in the art. It indicates that a line fewer crosses away from a starting 
line will be, as a whole, more highly related to the starting line. Thus, the work of 
the original breeder in developing the starting line will be retained in the closely 
related progeny. More specifically, traits and linkage groups present in PH0R8 
will be retained in progeny that are within one breeding cross from PH0R8. 
Applicant submits that characterization of the progeny of PH0R8 by virtue of their 
filial relationship is a clear and acceptable means of identification. Not only are 
filial descriptions used by breeders to evaluate materials for use in their breeding 
programs, but it is standard practice within the plant breeding industry for 
universities and companies that license inbred maize lines to retain a royalty 
from lines developed through the use of their inbreds. Those royalties are, in 
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almost all cases, based on the filial relationship between the licensed inbred 
used in breeding and the progeny line commercialized. This is further evidence 
that those of ordinary skill in the art of plant breeding describe progeny in terms 
of pedigree and find it an acceptable means of characterization! 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 
lines are created and screened in order to develop any maize inbred line for 
which the Applicant files a patent application. Once developed, the inbred line Is 
useful for two purposes: (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new inbreds that retain the original 
inbred's desired characteristics. A breeder desiring to make a line with similar 
traits to PH0R8 would be greatly advantaged by being able to use PH0R8 as 
starting material. This is because the linked genes arranged through Applicant's 
breeding efforts, and fixed in PH0R8, can be maintained in the progeny of 
PH0R8 by a breeder of ordinary skill in the art. The end result is the 
development of an Inbred line with substantial benefit from the Applicant's wori<. 

PHORS-derived progeny are described by the fact that PH0R8 is utilized in 
a breeding program to make the PHORS-derived progeny, PH0R8 gives genetic 
contribution to the PH0R8-derived progeny, and the genetics of PH0R8 are 
described by ATCG deposit of PH0R8 seed. By limiting the progeny to one 
breeding cross away from PH0R8 and by limiting the progeny to those that 
contain at least 50% of their genetics from PH0R8, the Examiner's concern that 
the progeny may be only distantly related to PH0R8 is addressed. 

Applicant would also like to emphasize that PH0R8 cannot be derived 
through any other means than through PH0R8 seed and plant, nor can the 
influence of PH0R8 on the progeny be removed from a line within one outcross 
of PH0R8. To view this claim as one of breadth ignores an essential limitation of 
the claim; that only a plant developed through the use of PH0R8 is within the 
scope of the claim. Such a plant could not be obtained without the use of 
PH0R8. so the claim would not in any way restrict the wori< of a breeder that did 
not in fact use PH0R8. Compliance with the written description requirement is 
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essentially a fact based inquiry that will "necessarily vary depending on the 
nature of the invention claimed." Vas-Cath v. Mahurkar . 935 F, 2d 1555 (citing In 
re DiLeone, 436 F2d. 1404. 1405). Thus, the compliance with the written 
description requirement must be judged in view of this limited scope of the 
progeny claims. As amended, the claims are drawn to only a limited scope of 
progeny, progeny whose existence is the direct result of the use of PH0R8. This 
Is in harmony with the statement in section 2163 of the IVIPEP that "the written 
description requirement promotes the progress of the useful arts by ensuring 
inventions are adequately described in the specification in exchange for the right 
to exclude." That quid pro quo of patent law has been met by the Applicant in 
the present case, and to use written description to deny adequate patent 
protection would be contrary to the stated purpose of the written description 
requirement. 

The Examiner also rejects claims 37-39 under 35 USC § 112. first 
paragraph. Claims 37-39 have been amended for clarification purposes. Claims 
37-39 are directed to growing out an F1 hybrid in which PH0R8 is a parent and 
searching for PH0R8 inbred seed. Due to the imperfect process of seed 
production parent seed can sometimes be contained in the hybrid seed bag. 
This claim covers the method of searching for inbred PH0R8 seed within a bag 
of hybrid seed. The method is clearly described in the specification on page 5, 
line 21 through line 7 on page 6. One of ordinary skill in the art can practice such 
a method without undue experimentation. The Applicant requests that the 
Examiner withdraw his rejection to claims 37-39. 

The Examiner rejects claims 3. 9-13. 15-20, 22, 28-32, 34-40, 42. 44, and 
47-49 under 35 U.S.C. 112, first paragraph, as containing subject matter which 
was not described in the specification in such a way as to enable one skilled in 
the art to which it pertains, or with which it is most nearly connected, to make 
and/or use the invention. Applicant traverses the rejection. 
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With the exception of the arguments pertaining to Hunspergeret. ai.. Kraft 
et aL and Eshed et. al., the Examiner provides nearly identical arguments for the 
112, first paragraph, lack of enablement rejection as those provided for the 112, 
first paragraph, lack of written description rejection addressed above. 

To avoid repetition, Applicant respectfully requests that the Examiner 
consider the arguments made in response to the 112, firet paragraph, lack of 
written description rejection as also applicable to the 112, first paragraph, lack of 
enablement rejection. In addition, the Applicant directly addresses the 
arguments raised by the Examiner that relate to Hunsperger, Kraft and Eshed, 

The Examiner has cited Hunsperger, Kraft and Eshed and stated that 
they "teach that it is unpredictable whether the gene or genes responsible for 
confening a phenotype in one plant genotypic background may be introgressed 
into the genetic background of a different plant, to confer a desired phenotype in 
said different plant" The Examiner states that, "Hunsperger et al teach that the 
introgession of a gene in one genetic background in any plant of the same 
species, as performed by sexual hybridization, Is unpredictable in producing a 
single gene conversion plant with a desired trait (see, e.g., column 3, lines 26- 
46).** Applicant's respectfully disagree that this is what is taught by Hunsperger 
et al. Hunsperger et al. teaches that a gene that results in dwarfism of a petunia 
plant can be incorporated into other genetic backgrounds of the petunia species 
(See column 2, line 67 to column 3, lines 1-4). Hunsperger et al. merely 
discusses the level of the expression of that gene differed in petunia plants of 
different genetic backgrounds. Hunsperger et al. succeeded in incorporating the 
gene into petunia plants of different genetic backgrounds. Therefore, Hunsperger 
et al. support the fact that one can introgress a specific trait into a recurrent 
parent through backcross conversion. Applicant's specification provides ample 
disclosure of starting materials such as maize Inbred PH0R8, a discussion of 
traditional breeding methods, and examples of transgenes and naturally 
occurring genes that may be used in such methods. Haliauer et al. (1988) on 
page 472, submitted in the information disclosure statement, state that, "For 
single gene traits that are relatively easy to classify, the backcross method is 
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effective and relatively easy to manage." The teaching of Hallauer relates 
specifically to corn breeding and com inbred line development, while Hunsperger 
et al. relates to petunia. 

The Examiner goes on to state that, "Kraft et al, teach that linkage 
disequilibrium effects and linkage drag prevent the making of plants comprising a 
single gene conversion, and that such effects are unpredictably genotype 
specific and loci-dependent in nature (see, e.g., page 323).'* Applicant disagrees 
that the article states such points. Kraft et al. make no mention of a plant 
comprising a single gene conversion. Further, Kraft et al, relates to linkage 
disequilibrium and fingerprinting in sugar beet, a crop other than maize. Kraft et 
al. state, on p. 326. first column, 'The generality of our results for other crop 
species needs to be investigated/ 

It is understood by those of skill In the art that backcross conversions are 
routinely produced and do not represent a substantial change to a variety. The 
World Seed Organization, on it's web site, writes, "The concept of an essentially 
derived variety was introduced into the 1991 Act of the UPOV Convention In 
order to avoid plagiarism through mutation, multiple back-crossing and to fill the 
gap between Plant Breeder's Rights and patents." As detennined by the UPOV 
Convention, essentially derived varieties may be obtained for example by the 
selection of a natural or induced mutant, or of a somaclonal variant, the selection 
of a variant individual from plants of the initial variety, backcrossina . or 
transformation by genetic engineering. The commercialization of an essentially 
derived variety needs the authorization of the owner on the rights vested in the 
initial variety." International Convention for the Protection of New Varieties of 
Plants, as amended on March 19. 1991, Chapter V, Article 14, Section 5(c), 
(emphasis added). A copy of the relevant portion of the UPOV Convention and 
the Worid Seed Organization web site is attached as Appendix E . 

An example of how one of ordinary skill in the art can transfer a gen© 
conferring a qualitative trait into a variety through backcrossing is demonstrated 
by the fact that the commercial mari<et now distributes a multitude of products 
produced in this manner Such conversion lines are easily developed without 
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undue experimentation. Poehlman et al. (1995) on page 334, submitted in the 
information disclosure statement, states that, "A backcross-derived inbred line 
fits into the same hybrid combination as the recurrent parent Inbred line and 
contributes the effect of the additional gene added through the backcross." 

The Examiner goes on to state that, "Eshed et aL teach that in plants, 
epistatic genetic interactions from the various genetic components comprising 
contributions from different genomes may effect quantitative traits in genetically 
complex and less than additive fashion (see, e.g., page 1815). The Applicant 
would like to point out on page 1816, column 1, lines 1-5 of the Eshed et al. 
article it states, "Recent studies that detected epistasis of selected QTL in 
Drosophila (Long et aL 1995), soybean (Lark et aL1995) and maize (Doebley et 
aL1995; Cockerham and Zeng 1996) did not show a less-than-additive trend." 
Emphasis added. Applicant also adds that transferring a qualitative trait does 
not require undue experimentation. Please note Hallauer et al. (1988) on page 
472, submitted In the information disclosure statement which states, "For single 
gene traits that are relatively easy to classify, the backcross method is effective 
and relatively easy to manage." In new claim 52, the genes transferred into 
PH0R8 are now limited to the traits of herbicide resistance, insect resistance, 
disease resistance, male sterility, and waxy starch. 

The Examiner alleges that Applicant's traversal of the art rejection on 
pages 7-8 of the amendment of 12 August 2002 "admfts that outcrossing the 
exemplified inbred to another undisclosed plant is unpredictable.** Applicant did 
not in any way state that it would be unpredictable to introgress a gene into 
PH0R8 through backcross breeding techniques or transformation. 

In light of the amendments to the clainns and the foregoing arguments the 
Applicant requests reconsideration of the rejection under the first paragraph of 
35U.S.C. 112. 

Claims 1. 2, 4-10. 15-16. 21, 23-29, 37-40, 42, and 50-58 are now 
pending in the application. The amendments made herein do not in any way 
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change the claim scope which the Applicant believes is allowable but is meant to 
hasten the issuance of the patent. 

CONCLUSION 

Applicant submits that in light of the foregoing amendments and the 
remarks, the claims 1. 2, 4-10, 15-16, 21. 23-29, 37-40, 42, and 50-58 are in 
condition for allowance. Reconsideration and early notice of allowability is 
respectfully requested. If it is felt that it would aid in prosecution, the Examiner is 
invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 



Steven Callistein 

Pioneer Hi-Bred International 

7100 NW62"^ Avenue 

P.O. Box 1000 

Johnston, lA 50131-1000 

(515) 254-2823 

(615) 224-6883 Facsimile 



Respectfully submitled, 
Delmar Brenner 




Steven Callistein 
Reg. No. 43,525 
Attorney for Applicant 
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Marker-assisted Selection in 
Backcross Breeding 

S J. Opeushaw 

Pioneer HUBred IntL Inc., P.O. Box 1004, Johnston. lA 50131 
S.G. Jarb06^ 

CIMMYZ Lisboa 27, Apdo, Postal 6-641 06600 Mexico, D.R. Mexico 
WJ). Beavis 

Pioneer HUBred IntL Inc., RO. Box 1004, Johnston, lA 50131 

Abstract, The bockcirtea br«edlfiitf procedure had beeo ikSsd wid«ly to transfer sim^Xj li)h«rited tndtB into elite cenotTpes, 

c^nvawioii, and 2> Attrp^mz Uie time required to ediSeve abiic«pt«Uc r«ovc^. SlmUtion lidfilld in^^ 

A * C'*?*."*^^**^^'*'^'' chromesomcs, bulng election ot> 40 or SO marken ii. M BC IndJ^duaJ^dS 

carry flic aUeU baibs truuf erred can reduce the mimber of backcttiss geiicratlazu needed front ebimt jicTcn to t\r^ 



The bacfccrw* bteeding procedure hai been vsed widely 
to tnosfer simply inhcrircd tnits into eljce genocypcs. 
Usually, the tralc being iruiifcned is controlled y^y a 
single gene, but highly heritable DaiGs that ajte moze cemplftxly 
hhentedhavB also been txensfemdauceessnjlly by baelttraav 
iBg: for otauiplo, malurity in maize ffOnto and Seoti, 1561; 
Shavcfj 1^76), Today, beckcrossing ie beirifl used ?o transfer 
geees introduced by luch b&chniqoes as tnmsfomwioe or 
mucsdon Into appropriate £«iiQplisiiL 

Several plant breecfing textbooks give good descriptions of 
the backcroia pwedw (AUard. i960; Fehr, 1987). A donor 
parent (DP) canyingatreliGf liiBMCSti^erMS^lo thflrecuTient 
parent (WP), an cUza Ifne that la tadcln; the Irak The F Is 
crossed beck w the RP lo produce ibe BC, generation. In the 
BC, and subseaoent backcross generwtfons. selected Individu- 
al! caitying the ^cne being transferred « bukcrossed id die 
KF. The expected pmportion of DP genoniB » reduced by half 
with each j^Bncradon of biw:iQqroHlnB. Ignoring effects of link- 
age 10 ihe selected Dp ajlelo beixi^ tranafcntd. the powentage 
recurrent parent (%SP) genojne iatpectcd in e&eh bactood^ 
generadon S< calculated us: 

where n is the nunnberof backciosseft. 

BoekcTOSSing of telected plenis to the RP can be repeated 
each cycle until a line is obtained thai b esdentiaiw a vei^lop of 
die RP chat includes che hitragcessed siUele. After six back- 
croaaes, die expected recovery Is >99^i (labia 1). 

Until recently, dl$cusfiiontt of aiettteovBry of the RP genome 
diirinf backcro»ding have emphaozed iKe ecipccied values for 

■l^iTvriy with PuMua UniwMky, W«M I-olkywe. md, 

Anafysiz of Molecular Marker Daia 
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%RP shown in Table I, and have largely Ignored the genedc 
variation foe %RP that exists around the expocua! mean. Widn 
daedcvelopmenc of genetic markers cipeble of providing good 
ganoma coverage, Acre hasbfien interest In tal^g Advantage of 
that vvialicn to incree&e the efficiency of backctosslog. 

Selection for RP marker elleleA can Increase gr^siciy (he 
e£recUvene5S Of beckcrojs programs hy ctllawing the breeder to - 
1) select backcross plants that heve e higher proportion of RP 
genome, and 2) geleei beckcrosB Individuals that are better 
conversions near a mapped donor allele being transfAtred (i,e^ 
sclectfbrless tinkagedrag), Expressed in practical terms, tuing 
getibdc markers to assise bacJccrossing can 1) fncraajte the 
probfcbiUcy of Obiaieing a suitable conversion, and 2) decrease 
ihe cirnt required to achieve an accejMahie recovery. 

Issues to consider when planning a marker-Assisicd back- 
cross ptogmm Include 1) die time advantage of using markers 
to assist baekcn>$sJng. 2) die numberof markets needed. And 3} 
the number of genotypes to evalu^w, in dils rcpon. we use 
results from previous literature, computer simulation, and em* 
pirical studies to provide some guidelines. 

T»bU 1, g^ttr^d ^atffvfry ofrtt^urptntpawaM (RPf fw^m daring 
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]^terlal9 and mstho^s 

Tti© imalie jenorne was th6 model far th* simulation. The 
i si'mulaccdgcnomAcoiiulncdienlOO-cMchroTnoWflies. Simu- 
btion of crossing over was based on ftPoisson di*lribu(i&n with 
» moan of 2,0 (X = 2) (Hanson. which. OA Bverago, 
generated one croai ovcrfwtvBTy lOO-cM length. Thesimula- 
dons reponed here afttiume no intefferenca, Codoniinant ge- 
* actic markers were evenly diaiributed m the genome and aiVti 
rfthedcnor gene were randomly assigned to genome locaiions. 
Simulations werft Bonducted with the following parameters: 

Number of progeny: 100 or 50a 

Backctoss gcneradons: BC^^ BC,» and BC*. 

Number of marlcBi?: 20. 40, BO, or 100. 

Number sheeted to fonri the nexiBC generation; 1 or 5. 

Sclccdonwafl based on 1) presence of\h« donor allele and 1) 
fapgh %RP). %RF eateulaLcd as the average of the (one or 
five) selected individuala. Values pre?eniad m the mean of 50 
' simulaiioiis. 

|le«uTts 

In the computer simulation study, all methods modeled 
. gready jncreaaed the s^eod of recoverinfi the W> geiiomc 
, compared to the expected iccDvery with no marker-assisted 

selection (compare TaW« 1 and 3). At least AO markers were 
. icquued CO recovor 99% of the RP g&nome in just three BC 

generations (lablfi 2). Use of at least gO carters and 500 
r progeny oUowcd rccoyciy of 98% RP in Just two BC geocra- 

tiona. Response to flBlection was diminished only filially by 

spreading the cffbri ov*r five seleetbos. Using markers, the 
> number gfbackcrosa gcnen Lions needed to cODVctt an inbred Is 



reduced ftorn about seven to three. 

By the BC, generation, there appcara lo be no practical 
advantage to using Soo vs. 100 individuals. If the presence of 
Uie donor traiL tn the backcross mdividuals can be ascinalned 
befcn^ markers gcnocyped, than ODly half the number of 
Individuala mdicacad h the wblos will need to be analyzed. 

When a small number of tnarkeri arc used, they quickly 
became non-mfonnativo; Le., Selecdon eauats the marker loci 
to became fij^^^d for tha ftp lype befons ^ «St of the genome 
Isfiilly oonvBfied(Table3:H«plcalet al^ 1992). This itwadon 
w« roost proniineia in the larger popMlAtions, whertt a higher 
selection intensity placed inoro selection prcsiure vpon the 
mai^r loci. Accordingly, it is of interest to considar how 
cloMly (he esumatkon of %RP based on marker reflects the 
actual genome composfdnn. The combination of estiinalwn of 
%RFbasBdon fewer marKeni and subaequeni leleccion lends to 
bias the estimates upwird (comjpare Tablei 2 and j). 

The results fifom the simuladoA compare well withrealficJd 
data. In a typicalexaniplcSOBqplants carrying the gene being 
transferred were genotypcd at g3 polymorphic RFLP loci (note 
that this eorresponds to a papuladon szze of lOO unselected 
plants in Table* 2 and 3). The five best BC, recoveries had 
estimated m? values of 8S.99&, SZ7%. 81.0%. BlA%, and 
B L2%. After evaluating 10 BC^ plants from cneh selected BC , 
die besr BC, ircoveEy had an estimated Of 94.6%, ' 

Disciuiiaii 

The simulations (Tabic 2; j^ospical ck al., 1592) and our 
experlenceiJidiate ihalfourmarkera per 200^M ehromoiome 
is adequate to greatly tncnrfksa the eflectlveoess of selection in 
the BC,. He*ever\ using only few markcis per 200 cM will 
hkcly make it very difficuU to map the location of the gene of 
iateresL Adequate -samrnariution of (he data is an tmpomnt 



Tabh % Psmnt mwrent parent gmme durmg ma^ktr^auStted bavkcmmg. 



■t 





ao 


40 


M lOO 


10 


40 


EQ 


lOD 


Bq 

BC, 
BC, 


84.5 
05.0 
97.4 


84.5 
95.2 
97.6 


84.2 88.0 
. 95.8 97.2 
99.2 


89^9 
97.7 


9a7 

97.7 
98J 


90^ 
98J 
99.4 


905 
98.6 
99.5 


BC. 
BC, 


W.9 
93.7 
d7.1 


85.1 
95.0 
98.3 


FiwseUcfcd 
84.9 8d.7 
95.8 93,7 
98.8 98^ 


87.7 
955 

97.3 


88.1 
96.8 


88.9 
97.8 
99.3 


88.9 
97.9 
99J 


Tobk h Esibnattx ofpervnM recurnnt p^nigtauma, Aojc^m wrier tocL 






leaProRair 




saoPr 






GencrtUon 




No. ID 






No. in«rk«fi 




20 


4Q 




30 


40 


80 


100 


BC, 


9g.7 
100.0 


97.B 
99J 


9S.e 97.2 
99-3 99^ 


100.0 
109.0 


99.1 


98.6 
99i> 


98,0 
98.2 


BC. 


96.4 
99.9 


96.S 
99.8 


96.2 95.8 

99.3 99,1 


100.0 
100.0 


98.5 
100.0 


98.3 
99.9 


98.2 
99,8 



AnefytU ofMcUeular Mcritr Daio 



Received from < 515 334 6883 > at 3/1 1/03 2:22:55 PM [Eastern Standard Time] 



03/11/03 TUE 14:31 FAX 515 334 6a83 
02/14/03 10122 FAX 912 0257284 



PIONEER HI-BRED DSM 
U OP M CENTRAL LIBRARY 



SI034 
r. uo 



(2)005 



; paA of a markcr-»wi5 ted bwkcro4» program, We^Uy , die mark- 
CI9 used CBO dupply dsn (hac can be rcpruenced a& ■Ildei oflocc 

' wlA known map poslcloo- feamtion of ?»RP» mapping the 
pO^lrion Qf the Wcvs of interest, and graphical display of the 
results CVoung and Taukaley, are m useful in under- 
junding nnd coAErolling (be Specifjc backcrocs cxperiftttni 
ti^&8 conducted. 
Il appean that, with the Udc of genetic markcu, the pordon 

. of wa HP gfinome ih^C is noe linked to the aIIoU being trans* 

• .fctted caA be recovered quicUy And widi contidencc The 
recovery of RP will be slower on ihe chromaunno canyiag the 

;.fu» of interest A cowdcrable amount of Hnkage drag is 

* fiscpocted Co accompaoy selection for the lyp allele In a back- 
. program. For a Joeus locaied In the middle of a 20&«M 

cbromOAomfi, the Icd^ of the DP chromo&ome icgmeni ao- 
\ C£impanyJng set^ctloa i5 expected to be 126, 63, and 28 cM In 
' (he BC » BCj, and BC, fieftefailonsg feij)ccu'vdy (Sajiion, 
' j9S9;WaveiniaBdBBrbadilla. 1992). Our ohswv^tioni lupport 

Oiereeotmiwodatlon of Ho^plud et ol. (1992) cbat preference be 
^ %' given to the ficlectioa fbr recombinants pnMdmal to ±e allele of 
'i-ifiterest, but thai selection fbr recovery of the RP elsewhere In 

tbc gencnriB also be cansidered. Thin tWMtage ealectios can 

jirebably he done quite efftetively adhoc hy the breeder once 
: (he data is adequately iiunxnarizcd; hnwever, Hoxpical ct al. 



suaeest waya to Incorporate the two critena Into a selection 
indca such thai each componEnt ofselectier; U assured appro- 
priate welghdng. 

Uaeof genetic markciscan gready incr«tt9theelfccdvencSj» 
of backcnwsing, and ihey should be used ia afly serious back- 
crossing program if resources are available u> the breeder, 

Literalun CIt£d 

AZfari R VK i Piffndple» of plant breeding. Wiley, New Yoft 
F<Art W,F. 1997. Prindpkjof cutdvardevelopmene v.l,Thcoiyuid 

technique. MianlllaiH New York. 
»amn, H^.A;«P.baflyg«ErwmJor»wlysi40flengihofhtftt^^ 

chrom^Mme segments, veund a tocus hetd hetciOEyfous niith 

bockcrossine or selfiog. CeiKCics 44:945^47. 
N^jpiiak C Oievo^u and P. Muhonu 1992, Uiiitg mirken in 

gene intrpgnsslon bree^ng prognmr. Genetics IteU^-lJia 
/Kfl*f. EJi and SsNt 296L Moving co/A-belt gensplaim 

rwrthward. Ann. Hybrid Ctrtn Industry Cdnf. l6:33-3<5. 
Shavnr, D.L I9T± Conversiofls Ibi* earirn«5S k\ maize inbreds. Maize 

Oenci. Coep. Nwaltr* 50;2O-23. 
Ypwsg. N,£K smd J.P. TofUuiMy, l$89. RdsbicUoA fragrncnc length 

pobrmorphismmapfi and the concBpi of gppUcal mitotyntt. Tbeo. 

App«etlCBML77;?3-)01- 



^ Anaiysu p/Mdiectt Utr Marker Dcia 



43 



Received from < 515 334 6883 > at 3/11/03 2:22:55 PM [Eastern Standard Timel 



03/11/03 TOE 14:32 FAX 515 334 6d83 PIONEER HI-BRED DSM >^ ( 12)035 



2 MAIZE - THE PLANT AND ITS PARTS 
R. Scott Poethig 

Department of Agronomy, Curtis Hall 
University of Missouri 
Columbia, MO 65211 



One of the greatest deterrents to an appreciation of plant morphology is 
the terminology used to describe various plant parts. This problem is 
compounded in the case of maize because of its relatively unusual structure. 
We all learn that plants have a vegetative body composed of stems, leaves 
and roots, and that flowers contain sepals > petals, pistils and stamens. 
Maize, however, has at least three kinds of leaves, two kinds of stems, two 
kinds of roots, and two kinds of flowers in which glumes, lemmas and paleas 
take the place of sepals and petals. Fortunately, these parts are arranged 
in a relatively simple fashion, so the task of mastering maize morphology is 
not as difficult as it might seem. In this article we will identify some of the 
most important parts of the maize plant and describe their organization. 
More detailed descriptions of the developmental morphology of maize have 
been provided by a number of investigators. Kiesselbach (1949, reprinted 
1980) gives a good general picture of maize structure and development. The 
external morphology and the histology of the vegetative and reproductive 
shoots have been studied by Bonnett (1948, 1953), Sharman (1942) and Abbe 
and co-workers (Abbe and Phinney, 1951; Abbe et al. . 1951), while the most 
comprehensive descriptions of the embryogeny are those of Randolph (1936) 
and Abbe and Stein (1954). A summary of the histology of the corn plant, 
written by Sass in 1955, has been reprinted in the recent edition of Corn 
and Com Improvement (1976). 

The organization of the plant body : Maize is a member of the grass 
family, the Gramineae, and as in all grasses, most of the plant body is leaf 
tissue (Fig. la). To appreciate the general organization of the maize plant 
it is helpful, therefore, to see it in a leaf-less state (Fig. lb). Stripped 
naked, the maize plant is not very impressive. Its main stem, or culm , is a 
slender, segmented shaft similar to a stalk of bamboo or sugarcane. The 
enlarged joints along the stem, the nodes, mark the points of leaf attach- 
ment; the stem segment between nodes is caUed the internode . Each node 
bears a single leaf in a position opposite that of the neighboring leaf, giving 
the plant two vertical rows of leaves in a single plane (Fig. la; 2). This 
so-called distichous phyllotaxy is typical of all leaf-like appendages, 
wherever they occur on the plant. 

Maize has unisexual, rather than bisexual flowers. Male (staminate) 
flowers are located at the apical tip of the main stem in the tassel , a 
branched inflorescence. Female (pistillate) flowers are found in one to 
several compact ears, located on the ends of short branches near the middle 
of the stem (Fig, lb; 2). 

This partitioning of male and female flowers in separate structures 
distinguishes maize from other cereals and is one of the principal reasons 
that its genetics has been so conveniently explored. Making controlled 
pollinations in maize requires little more effort than that involved in placing 
a bag over the tassel and ear shoot. To perform a controlled pollination in 
rice, wheat, barley and other cereals, it is necessary to emasculate each 
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flower used as a female parent, an especially tedious job when each flower 
yields only one seed. 




B 



Fiirure 1 a) Mature maize plant (after Kiesselbach, 1949). b) Mature maiae 
plant drawn without leaves and adventitious roots. The apical 
end of the main stem (culm) terminates in the tassel, while the 
basal end terminates in the primary root (radicle). The ear shoot 
arises from an internode near the center of the culm. 

Maize also differs from closely related species in that it has relatively 
few branches. Only the lower 10 to 12 intemodes of the l^^J^ P^^''^^ 
branch primordia, and most of these remain suppressed^ Above-groimd 
primordia develop into ear shoots, while those located at subterranean mter- 
Sodes develop into tillers -branches identical m structure to the mam stem 
Commercial hybrids "CH^-ept sweet corns) generally ttUer very ^ttie. 
typicaUy produce a single viable ear shoot. In contrast some varieties 
may have several large tiJlers and may produce 2 ears on the main stem and 
some ears on tillers. 

The stem : During the first four weeks after germination the grovring 
point of the stem lays down aU the nodes and intemodes '^he plant and 
Sien differentiates into a tassel. At the time of tassel formation the stem is 
not more than 3-4 inches taU, even though the plant may be 3-4 feet in 



Received from < 515 334 6883 > at 3/11/03 2:22:55 PM [Eastern Standard Time] 



_gp/ll/03 TUE 14:33 FAX 515 334 6683 PIONEER HI-BRED DSM 121037 



11 



height (Fig. 3). Subsequently, the stem begins to elongate rapidly, with 
most of the growth occurring at the base of the internodes. The lowermost 
6*8 internodes do not participate in this growth, however, and remain below 
ground where they produce the root system and tillers. These subterranean 
internodes taper sharply towards the base of the stem, forming a distinctive 
region, the crown (Fig. lb). The stem is thickest a few inches above 
ground, and tapers gradually towards the tassel. All the internodes from 
the top ear downward have a distinct groove associated with the axillary bud 
at the base of the internodes; internodes above the ear lack axillary buds 
and are smoothly cylindrical. 



second pry 




iinthQrs 



Figure 2. The major parts of the maize plant. Drawings in part from P. 

Weatherwax in Com and Corn Improvement, 1955 > and E, D. 
Styles et al. in Can* J. Genet* Cytol. 15:59, 1973; figure 
assembled by M. M. Johri and E. H, Coe, 
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The stem of an ear shoot, called the shank (Fig. 2)> differs from the 
main stem in being relatively short in most strains. In addition, the inter- 
nodes of the shank are variable In number, irregular in shape and size, and 
tend to have a crinkled rather than smooth surface. Secondary ear shoots 
commonly occur on the shank of several types of maize, but are rare in most 
commercial strains unless fertilization of the apical ear is prevented. 




Fi^re 3. A four week old plant (approximately 3 feet tall) in which the 
stem apex has differentiated into a tassel. As shown on the 
right, the stem is still relatively short at this stage. 

The tassel : The tassel^ located at the top of the culm, consists of a 
series of large branches ( spikes ) covered with numerous, small flower- 
bearing branches ( spikelets : Fig. 2) Each branch point on a spike bears 
two spikelets, one on a long stem ( pedicellate ) ^ the other on a short stem 
( sessile ) (Fig. 4a). Each of these spikelets, in turn, produces two func- 
tional florets. Although tassel florets contain both stamens and a pistil, the 
pistil normally degenerates soon after it is initiated > making the floret 
functionally male. However, pistils will develop at the base of the tassel 
under some environmental and physiological conditions, and are quite 
common on tillers. 
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A B 



Figure 4. Schematic drawing of a pair of tassel spikelets (A) and a pair of 
ear spikelets (B). Note that the lower floret in the ear spikelet 
aborts early in development, p.s. - pedicellate spikelet; s.s. - 
sessile spikelet; g^l - glumes; le - leroma; pa - palea; fl - floret. 

Surrounding both florets on a spikelet are Z leaf-like scales called 
glumes (Fig. 2; 4a). Within the glumes, each floret is individually enclosed 
in another pair of scales, one located adjacent to the glume (the lemma), the 
other located between the two florets (the palea ) (Fig. 4a). At anthesis, 
these scales are forced apart by the sweDing of conical structures 
(lodicules) at the base of the 3 stamens, and the filamentous base of the 
stamens elongates, forcing the anthers out of the flower (Fig. 2). As they 
dangle downwards , the anthers shed pollen from openings at their tip. 

Pollen grains are the multicellular products of the haploid microspores 
that result from the meiosis of a microspore mother ceU (microsporocyte) . 
Meiosis takes place in the anther before the tassel emerges from the leaf 
sheaths. After meiosis, the 4 resulting haploid microspores separate from 
each other, and each forms a thick wall. Shortly before shedding, each 
microspore undergoes two mitotic divisions. The first division is asymmetric, 
and produces a relatively large vegetative ceU and a smaller generative cell. 
In the second division, the generative ceU divides to form two sperm cells. 

The ear : The ear is morphologically similar to the tassel, although this 
resemblance is obscured by differences in the relative si2e of their parts. 
The crucial difference between them is, of course, that the tassel contains 
male flowers, and the ear bears female ones. This difference is due simply 
to the fact that during the formation of an ear floret, stamen primordia are 
arrested at an early stage in their development, while the pistil develops 
fully. Each functional ear floret has a single ovary , which terminates in an 
elongated style, or silk (Fig. 5). Within the ovary is a single embryo sac . 
The embryo sac is the product of one of the four haploid cells resulting from 
the meiosis of the megaspore mother cell. While its three sister ceUs de- 
generate, the nucleus of this cell divides three times to produce 8 haploid 
nuclei within a common cytoplasm (the embryo sac). Two of these nuclei 
( polar nuclei ) migrate to the center of the embryo sac where they become 
closely associated* The three nuclei remaining at the base of the embryo sac 
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subsequently undergo cellularization to form the egg cell and two synergids ^ 
while the 3 nuclei at the tip of the embryo sac proliferate to form 24-48 
antipodal cells . 




Fig-ure 5. Radial longitudinal section of an ovary with an unfertilized 
embryo sac (after Randolph, 1936). Upon fertilization, the 
nuceHus is digested by the expanding embryo sac and the tissue 
surrounding the nucellus is transformed into the pericarp, si - 
silk; e.s, - embryo sac; nu - nucellus; in - integioments . 

The ear also differs from the tassel in that it has no major lateral 
branches. Its thick, Hgnified axis^ the cob, is homologous to the central 
spike of the tassel. As in the tassel, ear spikelets come in pairs , but in 
the ear they are equal in size and only one of the florets in each spikelet is 
functional (Fig, 4b), An ear therefore has an even number of parallel rows 
of equally sized kernels equal to the number of spikelets on the cob. The 
number of rows (or ranks) of kernels ranges from 4 to 30. 

The glumes, lemmas and paleas of the ear spikelets are readHy visible 
in an unfertilized ear, but are soon obscured by the enlargement of the 
ovary after fertilization. In a mature ear these structures are represented 
by the chaff that adheres to the cob and the base of the kernel after it is 
shelled. 

The leaf : Maize produces three kinds of vegetative leaves: foliar 
leaves, husk leaves and prophylls . A foliar leaf is located at each of the 
nodes" on the main stem, husk leaves are located on the shank of the ear 
shoot ^ and prophylls are found at the base of the shank between the ear 
shoot and the stem (Fig. 2). 
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The foliar leaf has two distinct parts--the blade, a flat portion ex- 
tending away from the stem, and the sheath, a basal part that wraps tightly 
around the stem (Fig. 2). Internally, the blade consists of a spongy 
network of ceUs traversed by a series of parallel, longitudinal veins. This 
flexible lamina is supported by the midrib, a thickened, translucent struc- 
ture located in the center of the leaf. The sheath is thicker and more rigid 
than the blade, possesses fewer longitudinal veins, and lacks a prominent 
midrib. The sheath completely encircles the internode above the node to 
which it is attached and may extend the entire length of that internode.. 
During the early development of the plant, the leaf sheaths provide most of 
the mechanical support necessary to keep the stem upright. At the bound- 
ary between the blade and the sheath there is a distinct hinge of translucent 
tissue. In this region, the leaf blade and leaf sheath narrow sharply, 
forming an indentation in the leaf margin. The wedge of translucent tissue 
adjacent to this indentation is known as the auricle. The ligule is the thin 
collar of filmy tissue located on the inside of the hinge. 

The husk leaves surrounding the ear are usually considered modified 
leaf sheaths, with vestiges of the blade portions occasionally present. In 
some .strains husk leaves develop a prominent ligule and leaf blade. In 
contrast to the leaf sheath, husk leaves are relatively thin and flat. Each 
husk leaf is attached to a unique node on the shank, and all but a few 
upper ones are arranged distichously . 

Located between an ear shoot and the stem, the prophyll looks super- 
ficially hke a husk leaf, but is distinguished by having two keels (midribs) 
and a split apex. These features suggest that the prophyll arose evolu- 
tionarily from the fusion of two foliar leaves. The homology of the prophyll 
is still controversial, however. Gahnat (1959), for example, considers the 
prophyU one of the basic units of maize morphology, the others being the 
internode, leaf and axillary bud. 

The root : More is known about the growth, ceil biology, physiology 
and anatomy of the primary m^ize root, or radicle, than perhaps any other 
organ of the plant. Its histological structure, described by Sass (1976) and 
Kiesselbach (1949), is typical of roots in general. The apex of the root is 
sheathed in a loose network of root cap cells. Immediately behind the apex 
is a zone of cell division and elongation, beyond which root hairs are 
initiated. Larger lateral roots arise at varying points behind the zone of 
root hair formation. Cell division is restricted to the apical 3 mm of the 
root, and occurs at a maximal rate 1.25 mm behind the apex. The zone of 
elongation extends 8 mm behind the apex, the rate of elongation being 
maximal 4 mm from the tip (Erickson and Sax, 1956). Those interested in 
using the root for physiological or cell cycle studies should consult Silk and 
Erickson (1979; 1980) and Green (1976) for an analysis of the growth para- 
meters that must be taken into consideration in such studies. 

The primary root represents the basal end of the plant axis, which in 
maize and other grasses contributes relatively little to the ultimate root 
system (compare Fig, la and b). Most of the root system consists of 
adventitious roots produced by the basal-most intemodes of the stem. The 
primordia of a few adventitious roots are normally present in the embryo, 
and these emerge soon after germination. New root primordia are subse- 
quently initiated at the base of aU subterranean intemodes, and also appear 
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at 2 or 3 above-ground internodes after the stem has elongated. Sub- 
terranean adventitious roots are sometimes called crown roots , while those 
initiated above ground are known as brace roots . 

Adventitious roots grow horizontally for several feet before turning 
downwards- As a result, the root system of a single plant often covers a 
region 6-8 feet in diameter* while the depth of the root system may be as 
much as 6 feet. As it grows, the root branches profusely in the region 
behind the apex, forming both secondary roots and unicellular root hairs. 
The total length of root system of a mature plant has been estimated to be 6 
miles. 

The kernel : The events surrounding the process of fertilization have 
been described by MiUer (1919), Kiesselbach (1949) and Pfahler (1975); 
unfortunately, ultrastructural information about this phenomenon is still 
unavailable . 

The silk is receptive to pollen along its entire length. Within 5 minutes 
after a pollen grain lands on a silk it sends out a tube which penetrates the 
silk and grows downward towards the ovary- During this process the 
vegetative nucleus and the two sperm cells migrate to the tip of the pollen 
tube where they remain throughout its growth. Upon reaching the embryo 
sac, 12 to 24 hours after germination, the end of the pollen tube bursts, 
releasing the two sperm. One sperm nucleus fuses with the two polar nuclei 
in the center of the embryo sac to form a triploid ceU that gives rise to the 
endosperm. The other sperm nucleus fuses with the egg nucleus to form the 
zygote. As often as 2% of the time the polar nuclei and the egg nucleus are 
fertilized by sperm from different pollen grains, with the extra sperm nuclei 
being somehow lost (Sarkar and Coe, 1971). This phenomenon, called 
heterof ertilization > can lead to a non-correspondence between the genotype of 
the endosperm and embryo when the male parent is heterozygous. 

The development of the kernel following fertilization has been described 
in detail by Randolph (1936). We will only note here that this process takes 
40-50 days and is accompanied by a 1400-fold increase in the volume of the 
embryo sac. The growth of the embryo and the accumulation of food 
reserves in the endosperm is completed by about day 40, and the remaining 
10-20 days is spent maturing and drying. 

A mature kernel has three major parts: the pericarp , endosperm and 
embryo (Fig. 6). The pericarp, the tough transparent outer layer of the 
kernel, is derived from the ovary waU and is therefore genetically identical 
to the maternal parent. The endosperm and embryo represent the next 
generation . 

The endosperm makes up about 85% of the weight of the kernel and is 
the food source for the embryo for several days after it germinates. This 
food takes the form of intracellular starch grains and protein bodies, and is 
concentrated to varying degrees in different parts of the endosperm 
(Duvick, 1961). In flint-type kernels the concentration of starch and 
protein bodies is higher around the periphery of the endosperm than in the 
center, giving the endosperm a hard, corneous external layer, and a soft, 
granular center* In dent kernels, the granular tissue extends to the crown 
of the endosperm so that it coUapses upon drying and produces a distinct 
indentation. These two traits are polygenic in their inheritance and are 
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characteristic of specific races of maize. Other common endosperm traits, 
such as sugary, floury or shrunken, are single gene mutations and can exist 
in either a flint or dent background. 




Figure 6. Longitudinal sectors of a mature dent kernel, taken perpen- 
dicular (left) and parallel (right) to the upper face of the kernel 
(after Kiesselbach, 1949). pe - pericarp; en - endosperm; al - 
aleurone; sc - scuteUum; co - coleoptile; pi - plumule; ra - 
radicle; cr - coleorhiza. 

Much of our understanding of gene action in maize is based on the 
analysis of genes affecting the pigmentation of the external layer of the 
endosperm, the aleurone . This specialL3ed single cell layer is the only part 
of the endosperm capable of becoming intensely pigmented. Internal endo- 
sperm cells may be either yellow or white. 

The embryo is located on the broad side of the kernel facing the upper 
end of the ear, beneath a thin layer of endosperm cells. Most of the tissue 
in the embryo is part of the scutellum, a spade-like structure concerned 
with digesting and transmitting to the germinating seedling the nutrients 
stored in the endosperm. The shoot and root axis are recessed in the outer 
face of the scuteUum. In a mature kernel, the shoot ( plumule ) has 5 to 6 
leaf primordia that are arrested at successive stages of development (Abbe 
and Stein, 1954). Surrounding the shoot is a cylindrical structure called 
the coleoptile , Upon germination, the coleoptile elongates untH it is above 
ground and is then ruptured by the more rapid expansion of the rolled 
leaves within it. The root is enclosed in a sheath of tissue called the 
coleorhiza . Unlike the coleoptile, the coleorhiza does not elongate very 
much, and gives way to the radicle as soon as it emerges from the seed. 
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ABSTR-^CT 

Dctcrminadon of parentage is fundamenial to ihe study of biology and to <ipplicacioii& such a$ the 
identi 5 cation of pedigrees. Liniiiatrons to studies of parentage have stemmed from the use of an insufficient 
number of h>peA'ariablc loci and mismatches of allclca that can be caiucd by mutation or by laboratory 
error and that can generate false exclusions. Fwrthemriorc» most studies of parentage have been limited 
to comparisons of small numbers of specific parent-progeny triplets thereby precluding large-scale surveys 
of candidates where there may be no prior knowledge of parentage. We present an algorithm thai can 
determine prob*ihi(it\- of parentage in circumstances where there is no prior knowledge of pedigree and 
that is robust in the face of nnsstng data or nii5i>pcd data. \Vc present data from 5-i maize hybrids and 
556 maize iiibreds chat were profiled using 195 SSR loci including simulations of additional levels of 
missing and niixrypcd data to demonstrate the uiility and flexibility of this algorithm. 



DETERMINATION of parentage is fundamcnuil lo 
the study of reproduccive and bchauoral bioloj)*. 
The increasing a^-ailabilic}* of highly discriminant ge- 
netic markers for many diverse species pro^•ides ihe 
potential to uniquely characteriie intii%-iduals at numer- 
ous loci and to unambigitously resolve parentage where 
genealogical reiauonshipsi are unkno\vn, in error, or in 
dispute. 

Identification of pareni-progeny rcladonships in uild 
populations of animals atid plants provides insights into 
the success of v-arious reproductive strategies {Ell- 
strand 1984; Smouse and Me.\ghi£R 1994; Alderson 
et at 1999) and has allowed for the implementation 
of management prognims to conserve genetic divcrsic)* 
(Mili.i:r 1973; R.\nnai„^ and Mountain 1997). The 
association of pedigree with ph>3ical appearance or pcr- 
fomnance in domesticated animals and plants atIow3 
parents chat ha\ e contributed favorable alleles for desir- 
able traits through selective breeding programs lo be 
identified (Bouxrs and Meredith 1997; Sefc et al 
1998; Vamkan and Fai^dv 1999). These applications of 
associative genetics facilimtr fiirther progress in genetic 
improvement through breeding. Establishment of par- 
entage is also useful to secure legal rights of gtiardian- 
shtp in humans, to help protect intellectual proper^' in 
plant varieties, to \"tilidate breed pedigrees of domesti- 
cated animals, to proceci 'ttocks of fish, and to idcnuf>- 
provenance of meat that is av-ailable in supermarkets 
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(GoTZ and Thaller 1998: Primmer et oL 2000; White 
et al 2000). 

Most studies of pedigree have utili-^ed exclusion analy- 
sis where the molecular marker genotypes of cither one 
or a restricted number of potential triplets of offspring 
and putative parents are compared. Often the identity 
of the mother is not in question; the maternal profile 
is subtracted from that of the offspring and the deduced 
paternal profile is then compared \>fith candidate father 
genotypes (Ellstrand 19S4: Hamrick and Schnabel 
19S5). Individuals who could not ha\r contributed the 
paternal ^enotjpe are eNCtuded; the remainder arc pos- 
sible parents. Nonpaternity in humans is generally de- 
clared only on the biisis of exclusions exhibited by ai 
least nvo unUnked and independent loci. This criterion 
of exclusion reduces the likeUhood of a false declaration 
of nonpatcmit)- on the basis of marker results that are 
actually due to mutation \^it}iin the phylogeny. Bein it 
al (1993) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that ^vould be made due 
to nondisjuncdon at meiosis leading to imiparencal in- 
heritance. A requirement for at least three independent 
exclusions to declare nonpaternicx in humans has also 
been instituted (Gltnn et at. 1997). In .studies of natural 
populations of animals or plajits where numerous par- 
ent-progeny triplets are examined it is usual to accept 
a single exclusionary eveiu as evidence of nonpaternity 
(Marshalc et al, 199S). Pateniio' testing has been es- 
lendcd to situations where DNA from ciihcr parent is 
ini:i\*aiUible. For example, paternity can still be estab- 
li>;hed in circuinstanccs where the putative father is de- 
ceased but his parents Are Slifl ulive (HKtAflNEN ft al 
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dcinnnsLiaic Lhut piu^'tiiil\ c;\u 1)c tli-tt-nuintrd In ciso 
wIiLTc U»t: iTiotlicr is mia\aiktiok* tor Le:»iii\^. Lwc; 
r//. f IUy:>) pUi tialK rc'."iwri'ULtt'M tlu- D.VA pi r*ifilv (A n 
inUsing cmctxlUe p.nviii usiuj' profiles of ihv niuiher 
and progeny. 

ChakR-abor-iv et nL ( l*:»SS; and Smol'SK ajid Mkachku 
(iyU4j ftrporc rc:li:i;H'c upMii csclasiori iikinc hu.N 
usuLilIy ftiilcd to LUvainhiijufjusly rcaoKe patefnity. Unii- 
tacioiis have stetTiincd from the u:ie of an in.ntfFicient 
number of Independcru hv pun-friable loci. Ocher.sDcis- 
ticLii methods are therefore? required to calculate the 
likelihood of paternic>- for each naiiexcludcd male 
(Berry and Gecsser 19S6; MtACHER 19S6; Me.\cher 
and Thompsom 1936; Thompsoiv and Meagher 1987; 
DtVLiN eiaL 1988; Berry I99l). Marshall et at (1998) 
drawutiencioii co the quality of data that i$ encountered 
pracdcally in genoc>pic suA'eys. Maternal genetic data 
may or may not be a^AiUxble, data may be absent for 
some candidate males, datu may be missing for some 
loci in some indKiduals, null alleles exist, and taping 
error.s occur. Reconstrucdng or validating the pedigrees 
of variedes of culli'vatcd plants often proudcs additional 
chi\lleage3 because their phylogenies can reveal appar- 
ent exclusions thai mnisquerade a^j aon-M<?ndelian in- 
hedcance. For example, apparent exclusions can occur 
in circumstances where an individual is used as a parent 
prior lo completion of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel but separate tracks thereby al I o^ving the possibil- 
ity chat alleles that are subsequently lost through in- 
breeding in the parent can sdll become fixed in the 
progeny. U is also possible to create many offspring from 
a single madng and to use the same parent repeatedly 
in **backcrossing." Therefore, many irtdi\idual inbred 
lines, variedes, or hybrids can be highly related. In con- 
sequence, there are numerous (and often very similar) 
pedigrees. The effective nurnber of marker loci that c^in 
discriminate benveen alternate pedigrees is proportion- 
ally reduced as parent are increasingly related. Conse- 
quently, inbred lines can be more similar CO one or 
more sister or other inbreds than those inbreds are to 
one or both of their parents. 

U has not been usual to search jmtfng hundreds of 
individuals to idendfy- the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage are in circumstances where there is a (rnon 
information for at least one of the parents (usually the 
maternal parent). Limited availability of marker loci and 
the lack of very high-throughput genot>ping ^i>'Stemii 
otTering inexpensive datapoint cnsis may have focused 
re:)earch on studies thut tnvolvt- relatively few individuals 
and where there is :ii least •iomv a ptin/i indication of 
parentage. Studies tiiat have \m'vu conducted without n 
/^^yr/r? information on p:ir'en[:n;t- iruhKle species where 
tvpt oiluctivc behavior icndeis itlcMuilitauou of ihe mui- 
jvrnal parent difficult or inipcvNthlf. F-Nainplcs iiiclude 



ihfi^e uiulerlaken on l^ircU tliiu priu ili.t.* hiotjfl parasit- 
ism (Ai.DKR^u.N- ei ai oi e\t:u-[xur copulation 
(U'Ki -rns t-f aL 19'J'J) or oti ripecic-^ such as the vvombat 
dial arc dilTicidt to ohsciTc* In thr ulld fTAVt.oK rd. 
UH>7). 

Two circumstances favor a revised approLicli lo the 
statistical analysis of pedigree. First, m<*lec;u!ar marker 
technologies are rapidU develop! n:^ and vvill allow nu- 
n^erous loci to be typed for thousand-^ of individuals 
rapidly and inexpensively. A greater number and diver- 
sity of larger-scale studies of pedigree can be expected 
within the plant and animal kingdoms including individ- 
uals in which there is no prior knowledge of pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laborator>* error 
are required. 

The purpose of this ardcle is to describe and evaluate 
a methodulogy dvat can be used to quan ti fy the probabil- 
ity of parentage of hybrid genotype^. We focus on par- 
en l^igc beca use i 1 1 s tin e p ri ma rv- fo c ui o f p u b I i s h ed I i tc ru- 
turc and it is the easiest level of ancestrv- to understand. 
The method is robust in die face of mutation, pscudo- 
non-Mendelian inheritance (apparent exclusions) due 
to residual hetcrozvgosin' in parental seed sources, miss- 
ing data, and laboraton- error. The methodology' has a 
number of advantages; (i) It can accommodate large 
datascts of possible ancestors (hundreds of inbreds or 
hybrids each profiled by >100 marker loci), (ii) it does 
not require prior knowledge about either parent of the 
hybrid of interest, (iii) it does not require independence 
of the markers, and (tv) it can successfully discriminate 
between many highly related attd genedcally similar ge- 
notvpes. We demonstrate the effectiveness of this ap- 
proach to idenrify inbred parents of maiice (Zta mays 
L.) hybrids using simple sequence repeat (SSR) marker 
profiles for 54 maize hybrids together ^^idi their parental 
and grandparcntol genotypes included among a total 
o( 5S6 inbred lines. The methodolog%- is applicable to 
the investigation of parentage for all progeny developed 
from parental madng without suhsequciu generadons 
of inbreeding, 

MATERIALS AND METHODS 

Algorithm: Consider an index hybrid whose parentage is 
until ou-rt Or in dispute. Inbi'cds in an available database arc 
posjiihtc anccstprs of the hybrid. The objrt Livc i.s to find the 
prob;ibiIidi:s of closest ancestrv- for each inhrcd on the basis 
of iriiVwrnarion from SSRs from the intte.s: hybrid and the 
inhrcrls. There is no reason co cri tn die tbriibiise by removing^ 
inbrods t hough c to be un related {o rhc iutlrs hvbrid because 
their lack of relationship will be diftciwercd. 

CouNicier a pair of possible AitCe.stor^. ttil>red / and labrcd 
rhvrc is r!ochi]V*< Sj>ecial ab<uic tlli-* p:iiTU-ul;ir p;ur as all 
piiitN \^\\\ Iir creatfd sirnilarlv. Thi- prnt ess iii\((Ki-s ralculnrjii'i 
rbi- {>i(>babilic\' that inhrcd-'? / and /aic iit \hr hvbi iHS ancesin'. 
H-(K-;itintf ihis tor ;ill puirs iTiIireds in fht- cUiuib;tse. 
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lySUii. Lt:T f^i. /ISSHhi Mjnil tor ihr (ijwstcilrd i |)i'thaliiltr^ 
ihiH / aiulynrcaiiccsH*! '^ I'J lUv iiitlcs: hybi id gtvcfii ih*- inloniu* 
tioii frcui^ (he varinu> .Si)K>. Lett fid, j) t<»r ihc uncoiirli* 

tir.tfiu! (*>r priiH'; })i*/babilUv of tlif Sluiie evfiii. Finalt\. 

results If ill fact / and / ai e* anew tor?. Baycs' rule siiys 

/>Cf. ylSSfCif = ;*fS5R.^)i. ;i x /) KPtSSRji/t, I'J x Ptu, w). 

vvhtrc chc ium in thtf denuiiunatgr Is gvcr all puii-s ()^*in^^^ctli. 
indexed by u and v. PiS^^'it.j) K Is one: of the [cnn» 

in ihc derton\inator. tTo coiupuce che deiiominntnr in the 
abrne expression. fi\ a pnrticLiI^u- order la the irbreUs in thtf 
daKibiuie and uke n < v\n expression* involving the pair {u, 
u). If there arc 536 inbrefds. for example, tht-n the nuinber 
of p^lrs and che number of leiWi in che denominator is 
586(53')/ 2 = 171,991.) Inbreds i and j may be parents or 
grandparents or ochcr t>pca of relations or* bear no relation- 
ship at all CO che hybrid. If there are more than two ancestors 
In the database, such as both parents and all four y^L^ndp^1r- 
ents, then the possible pairs involving these anceacors will 
generally have the highest posterior probabilities. If chc hy* 
brid's true parents are in chc datnbasc, then as a pair they will 
t>picany have chc highest overall posterior prohahiIit\-. If hr^th 
i and y happen co be related to one pJirtici.Tlar parciu of the 
hybrid, then a:i a pair their po^tcrtor prob:ibiliLy will bi;- •''j^'- 
because they uili not usually account for many of the aitcle* 
that arc contributed by che other parent of the hybrid. 

We uill make the "no-prior-in formation" aisumpdon that 
P(ii, v) IS the same for all pairs (u. v). This implies that this 
factor is cancelled from both numerator and denoM\inacor in 
the abo^^ expression, giving: 

The problem is then to calculate a cv'picat /*(SSRjlt,y)..\ssttme 
In b feds iand jare both ancestors. We caleulatd the probability 
of observing the resulting hybrid under this assumpdon. We 
make no aisumpcions about relationships among the various 
inbreds. Other possible ancestors uill be considered implicitly 
In the calculation by aliou-ing their allele* to be introduced 
through breedings with i and j. Houcver, the nature of .^'uch 
breedingi* is not vprrifird. SuppoAc mhrcd i*i alleles arc (a. 
b>. Each descendant of inbred / receives one of chc5c c\vo 
alleles or not. An immediate descendant receive* one with 
probability 1 (barring mutations). A second generation de- 
scendant receives one of chem uich probabiliC\' 0.5. .\nd so 
on. Since degree of ancestn* tif any) is untnown, we label the 
acatal probability of passing; on one of these alleles to be 
Similariy, an allele from inbred j has b«en passed down to che 
hybrid or not. and the probability of the former is P. in the 
following. P^vill be taken to equal 0,50. although we will also 
consider F = 0.*)9 in -some of the calculadons. 

-Assuming P = 0.50 is conslsicnc with che closest ancestors 
in the database being grandparents. However, we are not 
interested in grandparents frer s^r. If the closest ancestors in 
the database were parents, then as indicated above should 
equal I (ignoring mutations and laborator>- errors). Our pri- 
mar\' concern i^ when the parent* are not in the database, (n 
this case Pis no greater than 0.50. .^sst lining P = 0.50 is robiisc 
over the middle range of possible values of P, Out- w*ay in 
which it is robiLst is if rhcre may be mutations and Iah(>n\tort- 
errors, in which case /* wtjuld have co be <l. Taking P eo 
equal 0,30 levies lictie penalty Against a particular pait in which 
there is tin iippaicnc eschtsion from tlirect pai'fiitUffe. Tlicre- 
Ibt'c takinjj P io hr <\ n>c;in:> dMr u* (he nut* p;irenrs are in 
the dntjhast- then rhcv uill nnl ht ruled <»ur if ihtMc Iiap[>fMi 
10 he n»iuatii>n.*i and k^hi^rarun error.-^. And if ihf clf><i*^r ;iiit 
tors in (he fUuabi».'i«* art* more remote than i^riuuljuiViiLs. rhrv 



, r.nv r^ni- SSR SI". 

iuT likrK to be idt'iiiilit-d bt tiUiM- iht'^ \vill u.sualK lui^r tlu- 
It:«c<t mismutChL"; of tlie tinr^ rorivitlt i etl. 

When / and ; arc %^ncc>tcjr>i rlu tv ;irc !«»itr po-wibilitie:*: (1 1 
The alleles of both inbreds / atirl /uere [jiisNCd to the hybrid, 
fiij inbred i came r,hriHi.i;h hur imr ijihied /. ("> in}>ieil ; 
canic rhmugh but tn;r inbipd jiid (4> neither inhrcrl cfinK- 
throu^h. .Assuming itulcpendcitte. tht':»e have respecdvc pruJv 
abilities P\ P{\ - J^. P'A - h. ii - Pr. Ln the ckac P = 
0.5iV all of these probabifidt!*; equal 'i.iil5. 

An instance of che Uiw of totiil probrihiiic\ (Sec. 5.3. Bt.ftiiV 
19^6) is that che probability of obHervini^ a hybrid's allcio is 
the average of the conditional probability of this event given 
the above four cases. The simplest of the four cases li the 
first possibility: .Assuming the hybrid 'li alleles are passed down 
directly from both inbreds. the probability of Obsen-ing the 
hybrid's genocspc is cither I or 0 depending on whether che 
hybrid shares both inbreds' alleles. (It is especially easy when 
both inbreds arc homozygous.) The other three eases require 
an assumption regarding the possibilic)* that an inbred's allele 
is not passed to the hybrid but is interrupted by a mutation, 
a laboratOT>- error, or inter\ening breeding. We regard such 
an allele as being selected from nil known alleles with probabil- 
ity 1/ (number of alleles), where the number of alleles is the 
total number of alleles known co cnisl at the loca^ in question. 
Ai; alternative ap[Moach would be co use the allelic propor- 
tions ihucarc prc?*cnt in the datab^^sc (or in another da L*iba.^c>- 
Hovvcver, the lines in che database may not be randomly se- 
lected from any populadon. For example, a line that has been 
highly used in breeding would have many derivative lines in 
the database, in which case the frcqticncies of its alleles will 
be artificially inflated. Assuming equal probabilities for the 
various alleles at a given locus is robust in chc sense chat it is 
not afFccted by adding and dropping lines from the database. 

There are many cases to consider when computing the 
probability of observing a hybrid's alleles, depending on the 
zygosic)' of che hybrid and the inbreds, and allowing for the 
possibility of missing alleles or extra alleles" in che assessment 
of the hybrid and inbred gcnoo-'pes- These possibilities are 
too numerous to list, tnscead we give three simple examples. 
All the examples have homo^goi.is Inbreds* the most common 
case. -Ajid each of the three hybrids has two alleles, again the 
most common cnse. We suppose that die measured alleles for 
three SSRs and a particular trio or hyhrirt and ancestor tnbi cds 
are as we have indicated in Table I. 

For SSR 1 there are three known alleles, one in addidon 
to alleles a and * chat are listed for the three lines (hybrid, 
inbred i, and inbred 7) in Table I. For SSR 2 and SSR 3 
there are c%vo known alleles in addition to those Jisced. The 
calculations in the right half of Table I will now be explained. 
Implicit in calculaang /^SSRt^y") is the assumpuon — required 
in both che numerator and denominator of Bayes' rule — that 
inbreds t and y arc ancestors of the hybrid* Consider SSR I. 
In case I above, both ancestors" alleles (as measured by the 
laboratory process) are assumed to pass co the index hybrid, 
and so In this case the hybrid is necessarily air. The probability 
of obscn-ing the actual hybrid's genotype is I for case I. as 
shown in Table 1. In case % we assume that inbred Ts allele 
passes to the hybrid but inbred /sd{)cs not. Indeed, che hybrid 
hivj an tt allele. The probability of observing a a^ the other 
allele is l/fnumberof allelesi * 1/3. as shown in Table I. 
Osc 3 is simitar. In case 4. neither ancestor atlde is passed 
to che hybrid: the probabilitv* of observing the h^b^d's :^eno- 
tvpe lor anv hereroiygous gcnnrvpel is 2[ I, 3)1 1- 3) = 2. 9. 
Since P 0.50. the overall 1 uncL>nditi<*)naI) probability in the 
rijuhtmusi ci>tuo»n (lT, ;T<Vi is rhr pimple avt r.igr the ftjur 
case, a.H inditatftl in T;\hlo L 

Kor* S^K a!Kl .S.SR 3 che calculaii<nis aic si mi hi r. Foi- SciK. 

rhcre is Mtiue evidence .ujaiusr piiir (/'. /) N.-iit4{ am:esroi"s. 
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Pfobabilitv of observing a hybrid's alleles asing Chree sample SSRs and four po?*.siblv COtv^bitiationS (cases) 
of alleles parsed, assuminij tbat tnbreds i and j art ancestors of th** hybrid 



Pl't)b;ibilit;y oF ob.it- 1 vi n;,^ the 
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SSR. simple sequence repeat marker profile. 



but ii Is noc conclusive. For SSR 3 ihcrc is o^n leis e%'irJcnce 
favoring pair (i.y)- Ic vvotdd noc catc many SSR4 wth evidence 
similar to that For SSR 3 to essenually rule out chis pair — 
provided that other pairs arc noi similarly inconsistent. 

To find the ovci-all /^SSRsI?, mnitiply the individu:il 
P^SSRIf.y) over the \-arious SSRs. There arc purely cortipma- 
tlon;il issues to address. Each />(S$Rl ij) is a uuniljcr hcn%cen 
0 and I. ^vTicn there are o gvcat many SSRs, cfic product of 
these numbers \siU be vanishingly small. Tq lessen problcuis 
with computational underflow, for each SSR we muliiply 
/'(S5RI", u) by the same constant For each p:ur thc 
invcrec of the largest possible such probabilicj-. For example, 
since 17/36 is the largest probabili^* for a heccroz>*gou5 hybrid 
ac SSR having three alleles (as is che case for SSR I in 
Tabic 1). we muldpiv all factors P(S5R/iu. u) by 36/1". To 
eliminate remaining problems with underflow, we do calcula- 
dons using logarithms (adding instead of muUiplying) and 
cake antilogs ac the end. 

The probablllc>' /'(SSR I u. v) is calculated for all (u. i/) pairs 
and summed o\e'r all possible pairings in the database, includ- 
ing that for the inbred pair under consideration: (i. j). This 
gives the denominator in the expression for F{i, /ISSRsi. 

To determine the probabilic)' that any particular inbred, iay 
inbred f, is the closest ancestor of the index hybrid, sum 
PfSSRii. V) over all inbreds t-v^ath v =/ i. Call thi.^ PlitSSR^ii. 
The maximum of /*(»ISSRs) for any inbred / is 1. But since 
there is one closest ancestor on each side of the family, the 
sum of /'(ilSSRi) over all inbreds i is 2. tf there U a particular 
pair for which P{l,j\SS?^\ Is close to I then both P(iISSRsJ 
and P(;'ISSRs) separately will be close to 1. 

SSR data: ON A ^vas extmcted from 54 maije hybrtrls and 
from 386 maize inbrecb- of the hybrids and most inbreds 
arc proprietary products of Pioneer Hi-Bred Intem;icional: 
some important publiclv bred inbred lines were also included. 
The inbred parents and grandparents of each hybrid were 
included \*athin che sec of inbrcdS- Other Inbreds that were 
genocjped include many thai are highly related by pedigree 
to parents and grandparent* of the hybrids. The hybrids were 
chosen because each htis a pedigree thai is known to us and 
collectively ihev represent a broad amy of divt:rsit>* nf maize 
germplasm that is currently grown in the L'nit-ed States rangn^g 
from early to late m:iturit>'. 

A total of 103 SSR loci were used in this 5tu<ly lolloping 
procedures descrihrfl in Smttm rt (1997>. btn mn<liHf<l as 
described below. SSR lo<i were chosen on the busis th;u thev 
individually have hct'ii <ht)^v ri in tuive u high power of disc ri mi' 
nation amon>? ni.il/e inbrt'd lii^es and I'oUecrively the%' prtividr 
fur a sampling? ol iUviTvit^ U>f ciirh chr(>n!i)st>iiie ;;nn. < )t'rhL'St' 
S.SR loi i. rhr folli -uiiic miiiilit r> tin p^irriuht.-'^csi uci f ^ m\ \\ 
on individual m.ii/c rh»oin(»onii-s a.s tollijns: 1 (:»5K - i-f>i. 
ri iv:;^. I i-f>>. ilt>'. ^ i'*'' " i*?). il^^- -> * l-^' 



( 14); I" SSR loci have not yet been mapped. The correlations 
among the loci are unkno^^Tl and arc irrelexant for our meth- 
odology. 

Sequence data For primers that allow many of these (and 
other) SSR loci to be assayed are available at wcb$ite http; 
vs-\^n\'.agron.ni is50uri.edu. All primers were designed 10 anneat 
and anipUlS- under l\ iingle >et of conditions for PCR in lO-fil 
reactions. Genomic DN'A (10 ni;) was ainpliRed in 15 \t\>\ 
MgCU, 50 mM KCl. lO ni.\t Tris-Cl (pH S.3) using 0.3 uniy 
AmpIiTaq Cold DNA polymerase (PE Corporation) oligonu- 
cleotide primer pairs (one primer of each pair was Hwores- 
ccndy labeled) at 0.17 ji.m and 0.2 niNt dNTPs- This mi.Mture 
was incubated at 95' for 10 min Chot start): amplified using 
45 cvdcs of denacLi ration at 95' for 50 sec, annealing at 60^ 
for 50 .sec. extension at 72^ for 35 sec: and then terminated 
at for 10 min. A water bath thermoc>'cler manufactured 
at Pioneer Hi-Bred International used for PCR reactions. 
PCR products were prepared for electrophoresis by diluting 
3 iil of each product to a total of 2" p-l using a combination 
of PCR products generated from other loci for that same 
maize genotype (muldplexing) and/or dH20. Dilution of 1,5 
Jit of this miNtvire to 5 n-l ^^ith gel loading dye was performed: 
it i.**as then elcctrop bores ed at 1700 V for L5 hr on an .Ajil 
model 377 automated DMA sequencer equipped with CENE- 
SC\N sofcvsarc v. 3.0 tPE-.Applicd Biosystems. Foster City. CA). 

PCR products were sized automadcally using the "local 
Southem"* sizing algorithm (EtOtfTR and Solttkerv 19S"1. 
.After siiing of PCR products using GeneScan. alleles were 
assigned using Cenot>-per software (PE-Applied Bios^'stcms] . 
Generally, allele assignations for each locus were made on 
the basis of histograjn plots consisting of 0.5-bp bins. Breaks 
bet^vcen the histogram plots of >I bp were generally consid- 
ered to constitute separation bec^veen alkie bins; however, 
other criteria, such as the presence of the nontemplntc- 
directed addition of adenine ( -v-A addition) and naturally 
occurring l-bp alleles, were used on a marker-by-marker basis 
to define the aJlele dictionary. .\ll allele scores were made 
without knowing the idendtics of the maize genotypes. 



RE5VLT5 

Table 2 present* the probability of closest ancestry of 
the top five ranking iubrcd lines for each of 5 hybrids 
iu P - O.Sn (Table i\) iiiul F = 0.09 (Table 2S^- Pruba- 
bilitios of ai^ct^strv- are <huwa ftjr nil 54 liyhrids ;u"id the 
mp nnikiiiir Inhretls in FtiTiut- 1: P= 0.30 fFt*.rurc la? 
and F = 0.1>9 ^Fij<iu'L- Ih). Result Fur the hybrids pro- 
<cintrd in Tubli; 'J Arc iV.aiirt ti at the top of Fij^ure 1. 
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Probabilicy of ancestry- of five hvbnds using data obtained from 50, 1 00, and 195 SSK loci 
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Hvbrt., nvnma: mnn.. innrca: irroi?.. pruoai^i.^n. ^r., :>.and;uvl error, rcferriii- co thtr vahubiiicy in the results 
or :he runs; PI. |xtreiu one: P2. parent lwo: -SPl SP2, full sibling of parent ^nc? p:uent two: D?PI/D/PL. 
derivatives of pure 111 ont: parent tuo. index ; for dixinct inbietl lines: DPIP2. dcriv;icivcs ot both p-.xrenc 6ne 
anrl parent fvvi>. 
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3162 
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•25 



Frouut: I. — 0>»ii»*ii^i. 



When [he Lil^orithm used P = 0.50, thtr luo correct 
pAreutfj were idcniificcl as high esc in proh^hilitv tor 48 
(Sy^rv) hvhrids (Fl>,nu-o \ ). Ft u' each ot 6 hvbrlds (S.SyS. 
3SP05. ."^^iVv :^0I4, :n\d \0Ol;V\i. one parrnt 

r,iJiktrd iu iIk* utp two pktCL-s. I'lic wihvi pmciu ^v-a^ 
-supplaiut'd richer h\ a sister inbred or hvati itihrcd tliat 



was a direct proi^eny uf that parent. Overall. lO'J 
of 108 parental iiibreds were correctly idendhed. For 
hybrids where both parents ranked first or set oiul. ihc 
ra«j;e of prnhabiliiif< Titr parcrlfal Hues tliat rankt-d hi>t 
from atTuji\>^ ail inhcr tiibrcds ranged from l.uono u» 
0,999": parol ua I liru-s ranking second raii^'d tmtr 
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l.f)0()0 u> F<<rSr> luhritls. bijili parctiLs Itarl piMf)- 
abilities it\ aiiLLNliy in excess of U.9y'.). Picil)tihiliuc'% nl 
iint.L-'vU-v I u in pill caw tli.u nmked In fir<c or -vccimcl 
pIuccN were IVtJtn tu 0,7034. For the rii;iio[ iiv. *»[ 

luhrirls. tin- pr-Mhithilic^* nt* the thirfl LUirl iii^he>t nmkefl 
ntjnpui'triitul iiibrccl «ti3 or below E-Or>. Thi.s iiiclicuc<?s 
that tiicro is Uiiiudh ^'tr^" little vinccrtuiiity about closest 
aiiccstors. 

Wl^fii the iiI>5onthm used P = 0.99 to cxuiniiie cticli 
of the 54 hybrids, boch parents were corTectK-ldciUifiori 
for 32 W7c> of hybrids arid for 9S% (102/104) of cht; 
pvirents ;\cross all hybrids (Figure I), Two hybrids (3914 
and X0915A), in which one parent was :iot ranked in 
the lop tvvo» were also in the subset not mnkcd in the 
top t^^o assuming P = 0.30 (above). In both cases cheir 
rtinks improved (both to third rank) and the actual 
parent ^vas supplanted by an inbred that was a direct 
progeny of the corresponding parental line. For 49 hy- 
brid.s, both parents had probabilities of ancestrs* in cn- 
cc!«> of 0.999. Aitiong the 5 hybrids hasiug a parent 
rat \ king second u-iih d. probability of ancestiy below 
0.999, the lowest of these probabilities was 0.S976 and 
the highest probabilitv- for a third ranking nonparcnc 
wi-ui 0-1023. For most hybrids the probability for the 
third and high<?st ranked no n parental inbred ^v;i3 at or 
below E-lO. 

Table 2 also addresses data analysis in circumstances 
where heterozygous loci occur in inbred lines or where 
a hvbrid is scored for the presence of more than c\^o 
alleles per locus. The presence of more than a single 
allele per locus in Inbred lines is an infrequent occur- 
rence In well'maintained inbred development and seed 
increase programs but is possible because ~3-5^ of 
loci can still be segregating and unintended pollination 
from genot\pcs not designated as parents of the hybrid 
can occur. For hybrids, more than two alleles per loctis 
can be scored whm DNA Is extracted from a bulk of 
individual plants and because inbred parents are not 
homoA'gous due either to residual hecerozygosit>' or to 
contamination or becatise on<r or more direct parents 
of the hybrid are thcmselve.5 hybrids. The presence of 
more than one allele per locus in an Inbred line and 
more than two alleles per locus in a hybrid therefore 
can be accommodated by multiple mns of the algo- 
rithm, each with a random choice of cwo alleles per 
locus. Conscquendy, standard errors in the case of ana- 
lyzing data from 195 loci tend to be very small becatuie 
there were few loci where an inbred or hybrid sample 
(from a hulk of individual plants) was scored for more 
than twi^ alleles. 

MaR-Shai.i. etnL ( 1998) have rlrawn attendon to errors 
that can be encountered in j^enot>pini5 suneys. These 
crrorji include i^tlsAin^; data, null alleles, and t\pin^ ei - 
rors. U*e therefnre invent itr*iterl ihe nibustnes^i tU* the 
algurithin by e^a^ui^in^' the elfecL'v of nnxiihcaciinis in 
the tUta tor hve hvbrid> >:Ut7, jry2iS. 3:Vi(i. V^smr*. ami 



^«>40». First, we reduced die tiuinhcr of S.SR.> used, frinn 
die lull let of l9^} tu [nit and Uilii to .^^0 (Table L>*e 
of 30 luei generated iiw-orrect rankiujx»c of otie paretU 
fui' each of two hybrids i;i4lT arid SV-lOj and for both 
pareiKs of one hybrirl 'rV^'tJ.'t. All of dicsc most hi:^^hly 
ranked nonparcnuil inbrcd.s were closely related to the 
true parents for each of the respective hybrids: sis ditfer- 
e:U inbred line.s were involved. Four were direct progctiy 
of the true parents (one with additional backcrosses 
from the true parent) and Cl^■o were full sisters (from a 
croixS of highly related inbredsi of the actual parent of 
the hybrid. Using 100 loci resulted in correct parental 
rankings for nil hybrids except for 3905 where neither 
parent ranked in first or second place. Four Lnbreds 
outranked the true parents of 3905- All four nonparents 
were closely related to the respecdve true parents; three 
were direct progeny of the true parent of the hybrid 
(one with additional backcrossing to that parent) and 
one i.vas a full sister of the true parent. Use of data from 
all [^-j loci corrected the placctnent for one of die 
parents of hybz'id 3005. Two hibt'ed< that were not par- 
ents of this hybrid remained ranked more highly thai^ 
one of the cr\ie parents. Both were direct progeny of 
that parent, and one of these inbreds had additional 
backcrossing to that parent in its pedigree. 

To address the consequences of laboratorj* and other 
sources of error, we artiflcially compromised data qual- 
ity be>x>nd the level originally provided by eliminating 
specific propordons of alleles that had been scored (es- 
tablishing scenarios where various numbers of SSR al- 
leles were not scored) and by misscoring other alleles 
(establishing scenarios where various numbers of SSR 
alleles were scored incorrectly). We also comb i tied the 
scenarios of missing data and wronglv scored data. Table 
3 contains a summary of the results of making these 
modifications in the data. For all modificadons we used 
data from all SSR. loci and we also randomly chose SSR 
loci to create subsets of 50 and 100 loci. In each case, 
the program was run 20 dmes for each hybrid/ set of 
loci. When all 195 loci were examined, replicadons dif- 
fered only according to the particular choice of alleles 
for loci ^vhere more than ctvo alleles had been scored. 

To ex^uacc robustness in the face of missing data or 
rt^istyped data, we simulated individual and combined 
categories of these data in the hybrid and all inbred 
lines at levels of 2. 5. 10. and "25% of the alleles for each 
of five hybrids and all inbreds bevond the level of error 
as originally scored by the lab*>raior>'. We examined the 
effects of these levels and t>pcs of error for three sizes 
ofdatabiwe: 50 loci. 100 loci, and all 195 scored loci. 
The same five hybrids considered "m Table 2 were invesd- 
gvued: 1^325. ^558. :m">. and 3940. One of these 

hybrid.s (1^905) was chosen brcau.se one of its parents 
ditl not i^ank among the tt>p two pl;^ce^ even when the 
loiiiplefe and unini>diHcd data I'Toin all SSR l(">ci were 
u.-ied. 

Lxaiuples of rc;bu.siness iti fhf t;ice of addititjiial error 
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Vi\c hyhrlcls usiiii; <ubM'Ls ni' 3i) .mrl I no h>ti and all 
liK V ;n'c sln>wii in Tubk' t\ wUcw luinibfi's ul' jjuicUIn 
ninkini{ ituo thi: top t^vo plucc^ iirc pr cscntcdt Deri^rudu- 
uiMt in ibc pivrti-retuiul raiikin;^ ol purcnt iiibrcds uc a 
U\r\ tir'2r/r arUlititMuU niiysinLi fl;uii vras sh<tun for om- 
hvhiifl tv-ith usuejc of 50. l»>/>. or iill SSR loci. 

rjt-;,rriiflutiun in the pfeFerenciiil runkiiv^ of ptirt-nt in- 
brt'fls III «i tcvcl of 23?t adciiti<nval misscored d:itii w;ts 
shuwn for hyhrid 3556. A^Ilch bodt additional levds of 
mis.Mn;^ixnd mUscored daw i.'^xrc sinuilcit«fd, degradation 
ill the abilitv* lo pr cfe re ntuilly rank inbred parents oc- 
curred for all hybndai and for all ^ets of SSR (50, 100, 
and 195 loci) except for hybrid 3417 when data from 
195 SSR loci were used- Over ad five hybrids, use of 100 
loci improved robustness from the use of 50 loci; use 
of 195 loci further improved robustness for four hybrids 
(3417, 3525, 3905, and 3940), The degree of improve- 
ment was smalK except for hybrid 3905. 

We also ranked inbreds according to their probabilit)- 
of ;jincejttr\- of hybridil when both parents and all inbred 
derivatives and full-sister inbredi; of the respective in- 
bred parents for each hybrid were e:<cUided from ihe 
analysis. The result* are too voluminous to present here 
but Kin be summarised as follou^: Using P = 0-50. a 
grandparent of each respective hybrid ranked into first 
pUvce for 41 (76%) hybrids; probabilities ranged from 
0.4976 to 1.0 and most were above 0.9999. Other classes 
of inbreds chat ranked in firsi position for probability* 
of ancestry were inbreds derived direcdy by pedigree 
from a grandparent of the respective hybrid (DGP) for 
13% of hybrids, inbreds derived directly by pedigree 
from a great-grandparenc of che respective hybrid 
(DGCP) for 9% of hybrids, and one class {2% of hy- 
brids) with an inbred ranked into first place that \^ 
direcdy related by pedigree to the great-great-grand par- 
ent of that hybrid. Inbreds that ranked in second posi- 
tion were related to the respective parents of the hybrid 
as folluwv Thircy-one {57% of hybrids) were a grandpar- 
ent of the respective hybrid, 11 (20%) were classed as 
DGP. 7 (137o) were DGCP. I (2%) was class DCGCP, 
and 4 (7%) were a great-grand parent (GGP) of the 
respective hvbrid. Over all hybrids, two of the four 
grandparenis ranked into ftrst and second positions for 
23 (43% of hybrids); three grandpArenis i-anked into 
the first three positions for 5 (9^ of hybrids). There 
were no instances where all four gnindpiirents ranked 
in CO the first four posidons. Thirty- hybrids had a grand* 
patent ranked into first posidon using P - 0.99- Tlie 
number of grandp;uwts ranked into the t4>p five posi- 
tions xviui W (compared to \0S wlieu P - 0.50). The 
nuEiihci" of i^randparetits raiikini; intii th<' tup two p<>$i- 
tiuns w;us :V> (compared to 71 whern P - 0.:->i)\. The 
nieun prohabJUty of ;i graiidpiirctu th;it ranked into the 
Mi'-t twi> p.^siciniif: wn^; O.o^^^S .SP n. i \r%.\) vihcn P = 
O.r^O .md 0.t)V)^^^ (SL) ^ O.OHHi wht-n P = ii.V^K 



disc:l*.s$i<'*)n 

'J'lii* ptv\:Uent LLse of paternity indices ttcin*»iij;cr"ites 
ih'if it a<l\;uitiiirefa:s to have explicit prtilXibiliEli.'N f»f 
anccNtt*^ to di>[iiigtii.sh among dlffufrent pf<li^r'cei. \to- 
IccuUu in.u'kt;i profiles are rapidly becoriiiiiij; tni»rL- ex- 
tenMvr and I'ost effective to generate. Features that uould 
advance the Ntatistical ar\a);sis of Eiiolccular nuu kcr duca 
CO prijvidc explicit probabilities of ancestry include the 
ability co calculate probabilities of anctstry where there 
is no n /?i'7£>?i information as to the idendc>* of one Uisually 
the maternal) parent and robustness in the face of labo- 
ratory' error. 

Nfai:ie inbred lines and hybrids provide a very exacting 
set of materials forex-aluaung the discriminatory abilities 
of molecular data and statistical procedures that are 
employed to interpret those data. Hundreds of maii;e 
inbred lines of known pedigree together encompixss a 
great diversity* and complect t>- of pedigree relationships. 
Some inbred lines can be ven* highly related and geneti- 
cally similar due to their derivation froni common par- 
entage including from parents that are themselves highly 
related. Conscquendy» relationship categories such as 
"sister" or "parent" when applied to maize inbreds usu- 
ally refer to closer degrees of pedigree relationship and, 
thus, of germplasm and molecular murker profile simL- 
laritv thun those of the equivalendy named classes of 
reladonahip for animal species. \(03t maize hybrids that 
arc widely used in the United States today are con- 
structed from pairs of inbred lines that are unrelated 
bv pedigree, earh inbred parent having been bred from 
a separate "pool" of germplasm. Various degrees of relat- 
cdness are possible betiveen hybrids according to the 
pedigree relationships among their consiitLient inbred 
parents. 

Using P = 0.99 in the algoridim is more specific for 
idcnufying parents than using P = 0.50. However, P 
0.99 is less robust for idcndfving other relatives, .such 
as grandparents. When the algorithm was rim ai P = 
0.50 there were 6 hybrids for which one parent did not 
mnk among the top two most probable gcnocvpes. For 
the remaining 4S hybrids the correct parents were iden- 
tified even in circumstances where od:ier candidate in- 
breds included not only full-sister fines bred from re- 
lated parents but also inbreds even more closely related 
to the true parent by virtue of being backcross conver- 
sions of the inbred parent of the hybrid- For each of 
il^e 6 hvbrids wliere a nonparent raiikcd above a true 
parent, chat higher ranked inbred was always either a 
sister or progeny of the outninked tnie parent. The 
range of pcriigvec relationships ;is expressed by the 
Mulecot coefficient of relatedne.ss (Malkcot 194S) that 
was c neon I passed by piurs of true parents and more 
highiv rariktd itihrcd relatives of the true parents w;i?i 
from m> o.^wiSO. A coefficient of O.S:**V»f» .\ppro\i- 

n\ace< a rclaimn^hip between inbred .A ami A' u*fiere 
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itihrcrl A' Ikis bct.vi hrc(t Imni :i ci onh tif inhrctls A urul 
ti Willi bci\vtx-a one alul Uu» .ulditii mul ballet. tus.^cN n[' 
the pixrcnwl inbred A. A NfaiccoE cucfficitMU of reLiiion- 
shi}> O.U(iSO cl(»^cl> uppi u\iiiuiccs ll rclLiii(.jtiship 
t^vccii inbrcds A ixnd A" wlierre frnir additional back- 
crD.sses of pui't;nLiI inbrt-d A tollt/u* the inUi;iI ci'uss of 
inbredn A m\c[ B. 

Running the al;;^orithin ,it P - 0.00 in compjirlstja to 
P= 0-50 r:\iscs the pi'obabilicyof ance^uy for the p^irents 
while diininishing the probubilicics fur the third and 
lower raaking candidate inbred lines. Use of the algf> 
rithm at /* = 0.99 increased both die percencagt of 
hybnds with both parents ranked in the first t^vo posi- 
tions (from 39 to 96*^) and the percentage of parental 
inbreds that were rankest first and second (from 94 to 
9S%), Two hybrids (3914 and X0913A) did not hav«f 
bodi parents nmked first and second when the algo- 
rithm was run at P » 0.99. For both of these hybrids 
the nonparental inbred that outranked the tine parent 
w:LS itself a product by pedigree Fron» the true parent 
that had been created by an additional four backcrosses 
of diat parent: the Malecot coefficient of relationship 
between the parent of the hybrid and the inbred that 
outranked that parent for these two hybricLs was 0.9636. 

Robustness was tested by e\'aluating the c fleets of uv 
ingdata from different numbers of loci and by simulat- 
ing addiuonal levels of missing and misscored data up 
to combined levels of 25?& error beyond chat which was 
provided by the laboratory-. From our experience, error 
rates of 5 to 10% can occur in SSR profiling of mat^e 
due chiefly to the combined effects of residual heteroz>'- 
gosit>'amon5sced lots and by deficiencies in the scoring 
of heterozvgotes in hybrids. The additional levels of 
simulated error, therefore, include values (up to ~35^ 
total error) that are well ouLside of our experience. For 
five hybrids that were examined, increasing the number 
of loci from 50 to 100 (with no additional missing or 
misscared data) did reduce dte number of instances 
where Inbreds that were not parents of a hybrid out- 
ranked the true parent from four to one. Nonetheless, 
all of these more highly ranked inbreds. although the>' 
were not themselves the trtie parents of the respective 
hybrid, t-vere either direct progeny or full sisters of the 
true parent (Table 2). Consequendy, if such degrees of 
error can be tolerated in respect of pedigrees for inbreds 
that arc identified as parents of hybrids, then SSR data 
from 50 loci of equi^■alen^ discrimination ability are 
sufficient. L"se of data from 50 loci also evidenced ro- 
bustness in the face of up to lO^c additional levels of 
either missing or mi^scored rLua: no degradation in the 
abilic\- to identity a parent was apparent up to the level of 
10*^ additional error except for 10^' udditioruil niissin,^ 
and mis.scored alleles for or^e hybrid u^."^iJ5; Table 3). 
However. iLse of LOO loci increased the proportion of 
ti'ue parent that were c(irrectlv identified fror7i yy:^> 
(for 51^ li»ci) u» 71'^ {meuit c^^rrect parents over ;ill 



k-\(:l> of fiTor: T.iblc 'W. L*sf of diitii fr^iii loci 
pMAi(kd li^aMUi rLsiUeno Uij.iin.M atUliiion.il IlalIs of 
error, However, use of data from 1V5 loci w:ls unable to 
prijviclc rLsiliciity ;r^^,\inst the ncgaiivt- t'lTt-cu t;f adding 
combined levels (aii}5'-t ) of l^uth mUsin.:^and mis.scored 
data (Table 3). .Ac the t23-^: level of additional poor data 
integrity, inbreds that were not related to the true parent 
of the hybrid outranked ti»e true partnc for four of the 
five hybrids. Levels of missing or mis.^cored data should, 
therefore, be kept below 15-'20^ (assuming a level of 
3-10% error in the data we analyiicd prior to simulating 
additional error). 

We ha^^e preriously examined the pedigrees of in- 
breds that are ranked into the first cvvo positions when 
xha true parents are removed from the list of candidate 
inbred lines. Usually, direct progeny or full sisters of 
the trtie parents then rank most highly (data not pre* 
sented).We therefore examined the ranking? of inbreds 
vrith respect to their ranking and probabiiitv- of inclusion 
in the ancestn- of each hybrid afct?r chy rejmova!. not 
only of the true parents, but aUo of thu progeny of the 
true parenLS and any full sisters of the true parents. In 
these circumstances the grandparents of the hybrids are 
ranked predominantly into top positions. Using P — 
0.50. a grandparent ranked into first position for 7^% 
hybrids and into second position for 3795) hybrids; VNath 
P — 0.99 a grandparent ranked inco firsc place in 36% 
of hybrids. At P ^ 0.50 t^vo grandparents ranked into 
first and second positions for 4^% hybrids and into the 
first three positions for an addidonal 9% hybrids. Most 
of the remaining inbreds that ranked into the top c\vo 
positions were progeny of the grandparent. A total of 
103 grandparents ranked into the top five position.s 
when P= 0.50; 93 ranked into these positions when 
0.99- Sevenc>-one grandparents ranked into the top cwo 
positions when P = 0.50; 55 grandparents ranked into 
these positions vvhen P = 0.99. The mean probabiiicj' 
of a grandparent in the top cwo positions was 0.9238 
(SO 0.1 4y4) when P = O.jO and 0.9990 (SO 0.0104) 
when P = 0-99. Our algorithm was T>nricten to identify 
pairs of ancestors; alternative algorithms could be tai- 
lored to idendE>- all grandparencjs once parents had been 
identified and removed fi'om the list of candidate in- 
breds. 

We have demonstrated the capabiiicv* and robustness 
of an algorithm that can be used to show probability of 
parentage in circumstances where the n priori pedigree 
idendc>- of neither parent Is known. Excltwions are taken 
into account, thereby allowing parentage to be shown 
even when the two parents are not represented in the 
database of molecular profiles thut are e.xamined. H<irt' 
eroiiv^ous candidate pareriLs can be accommodated. 
The number of loci that im occe-ssarv to provide a reli.ible 
basis nf deternunini( pccligree is dependent upon the 
degree of rehiteflnt:.<;s among parenr.s and noupurci^Ls 
and upon the discriminatoiv ui^Jitv of fhf nuukcr s\-.it'ni 
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iti the spi'i.ic'i ni' iiUiT'vHi. l'<\ii*^ P ^ O.nvi cf»Mtp;uc<l u» 
0.r»0 pivl'LMCiUi,Ll[> UlLiuilicd iiii'ic U UL- p;aeiius Am\ 
with u ijreLtter dUTecenct oK piobubllity lo third placed 
iioiip^iiciiLs. W thca- rcuscMiuhk' UNsunmct.- tluu die 
parents urc among cht; caiu!tdii.ce list of inbrcds. then 
f = 0.99 ihould be iicied; it greater robListncbii is re- 
quired, then P = 0,50 ;ihould be used, 

Application.^ of our algoridini include the idcntiftcti- 
uon of pedi^rcei among individuals of plant or animal 
species where molecular profile diitasets exist that can 
be interpreted in terms of iegrejfa ting alleles at indiWd- 
ual marker loci and that provide a sufficient power of 
discrimination. Capabilities to generate large dacasets 
of suitable molecular profile data are already available 
and are increasing rapidly with the advent of single 
nucleotide polymorphisms. One further application of 
our algorithm is to assise in the protecuon of intellccmal 
property that is obtained on plant varieties or upon 
specific dams or sires of animals through the determina- 
tion of pedigrees. 
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Attorney Docket No, 1235 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Delmar Brenner Date: March 1 1 , 2003 

Serial No.: 09/559.690 Group Art Unit: 1638 

Filed: April 27, 2000 Examiner: David T. Fox 

For: ^'INBRED MAIZE LINE PH0R8" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. DINAKAR BHATTRAMAKKI 

Sir: 

I, Dinakar Bhattramakki, Ph.D., do hereby declare and say as follows: 

1 . I am skilled in the art: of the field of the invention. I have a Ph,D. in Plant 
Molecular Genetics from the University of Illinois at Urbana-Champaign, I have a 
Bachelor of Science degree in Agricultural Sciences from the University of 
Agricultural Sciences, Bangalore. India. Since 1997 I have been engaged in the 
analysis of molecular mariners for plants. I have supervised the Molecular Marker 
Applications lab at Pioneer Hi-Bred International, Inc. from January 2002 until the 
present. 

2. I am familiar with the methods used in the analysis of Simple Sequence 
Repeat, SSR, marker data for inbred PH0R8 conducted at Pioneer Hi-Bred 
International, Inc. The analysis of the SSR profile of inbred PH0R8 may be 
accomplished without any undue experimentation. The SSR profile for inbred PH0R8 
is attached hereto. 

3. Means of performing this genetic marker profile are well known in the art. 
SSRs are genetic markers based on polymorphisms in nucleotide sequences. The 
PGR™ detection of SSRs is accomplished by using two oligonucleotide primers 
flanking the polymorphic segment of DNA. Amplification is accomplished through 
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repeated cycles of heat denaturation of the DNA followed by annealing of the primers 
to their complementary sequences at low temperatures, and extension of the 
annealed primers with DNA polynnerase. 

4. Markers are scored following amplification and gel electrophoresis of the 
amplification products. Scoring of marker genotype Is based on the size or weight of 
the amplified fragment. While variation in the primer used or in laboratory 
procedures can affect the reported marker score, relative values remain constant 
regardless of the specific primer or laboratory used. 

5. Primers that may be used to identify the SSR markers reported herein are 
publicly available and may be found in the Maize DB on the World Wide Web at 
agron.missouri,edu/maps.html (sponsored by the University of Missouri), in 
Sharopova et al. (Plant Moi, Biol. 48(5-6):463-481) and/or in Lee et al (Plant Mol. Biol. 
48(5-6); 453-461). Markers shown for PH0R8 are the publicly available markers in 
the sources listed above for which PH0R8 was tested and shown to be homozygous. 

6. Map infomiallon Is provided by bin number as reported in the Maize DB. The 
bin number digits to the left of decimal point typically represent the chromosome on 
which such marker is located, and the digits to the right of the decimal typically 
represent the location on such chromosome. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 

Date: j/tp/dJ By: 

Dinakar Bhattramakki 
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^ublic Name 


bin# 


PH0R8 


of Marker 




base 
pairs 


phi427913 


1.01 


129.38 


bnlg10l4 


1.01 


125.88 


phi056 


1.01 


255.30 


bnlg1 083 


1.02 


203-72 


bnlg1127 


1.02 


96.21 


bnlgl 953 


1.02 


205.80 


bnlg1429 


1.02 


184.58 


bnlgl 627 


1.02 


206.48 


bnlg439 


1.03 


232.00 


Phil 09275 


1.03 


126.31 


bnlgl 203 


1.03 


306.51 


bnlgl 484 


1.03 


145.92 


bnlg2086 


1.04 


217.79 


bnlgl 886 


1.05 


145.64 


bnlgl 057 


1.06 


274.00 


bnlgl 041 


1.06 


192.27 


bnlgl 61 5 


1.06 


211.96 


phi335539 


1.08 


88.58 


phi423298 


1.08 


133.68 


phi002 


1.08 


73.53 


bnlgl 331 


1.09 


121.03 


phi01 1 


1.09 


226.98 


phi308707 


1.10 


131.11 


phi227562 


1.11 


322.45 


phi064 


1.11 


94.65 


phl402893 


2.00 


218.34 


bnlgl 01 7 


2.02 


195.57 


bnlg2277 


2.02 


292.29 


bnlgl 064 


2.03 


200.92 


bnlgl 01 8 


2.04 


134.33 


bnlgl 909 


2.05 


304.05 


bnlgl 138 


2.06 


222.14 


bnlgl 396 


2.06 


136.79 


bnlgl 831 


2.06 


193.90 


phi328189 


2.08 


121.35 


phl427434 


2.08 


121.46 


phi435417 


2.08 


214.27 


Phil 27 


2.08 


123.97 


bnlgl 520 


2.09 


294.41 


phi101049 


2.10 


238.19 


phi453121 


3.00 


217.80 


Phil 041 27 


3.01 


169-96 
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bin # 


PH0R8 


of Marker 




3ase 
pairs 


phi404206 


3.01 


300.24 


Dhi374118 


3.02 


225.95 


3nla1 144 


3.02 


159.57 


bnla1647 


3.02 


154.26 


bnla1523 


3.03 


257.05 


bnla1019 


3.04 


179.98 


bnla1113 


3.04 


134.41 


bnla1452 


3.04 


84.44 


bnla1035 


3.05 


118.64 


Dhi053 


3.05 


191.64 


Dhi 102228 


3.06 


126.84 


bnlalieo 


3.06 


220.49 


bnla1951 


3,06 


121.12 


bnla2241 


3.06 


142.63 


phi072 


4.00 


139.43 


Dhi213984 


4.01 


303.16 


phi295450 


4.01 


197.12 


Dhi308090 


4.04 


216.06 


Dhi096 


4.04 


234.58 


Dhi438301 


4.05 


211.81 


bnla1159 


4.05 


141.65 


bnlq1937 

ill %4 1 \^ r 


4.05 


227.36 


bnla1265 


4.05 


225.57 


phi079 


4.05 


177.74 


bnla1006 


5.00 


229.38 


Dhi396160 


5.02 


298.12 


phi109188 


5.03 


165.50 


bnlg653 


5.04 


151.67 


phi330507 


5.04 


140.46 


phi331888 


5.04 


130.72 


bnlgl208 


5.04 


118.88 


bnlg1892 


5.04 


149.85 


phi333597 


5.05 


216.51 


phi085 


5.06 


250.16 


bnlQl118 


5.07 


82.56 


bnlQl711 


5.07 


176.65 


phi423796 


6.01 


128.39 


phi445613 


6.05 


96.95 


phi299852 


6.07 


117.30 


bnlgl740 


6.07 


230.27 


bnlg1759 


6.07 


125.81 
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Public Name 
of Marker 


bin# 1 
1 

1 

1 


=*H0K8 

Dase 

Dairs 


phi070; 
umc1063 


6.07 


QO Al 


phi034 


*T no 




bnlg2271 


7 AO 

f Ajo 


Oi O i Q 

^io,iy 


phi328175 


T f\A 

7,04 


^OO Oi 


ph 1260485 


7. Ob 


OOC OQ 


£hi069 


7.0O 


ZU4,40 


phi116 


7.06 


•1 CO OA 


phi420701 


o AA 

8-00 


OA"7 "7"7 

297. r A 


bnlg1194 


8.02 


•1 >l A 77 
140.f / 


phi100175 


8.03 


jyie Oyi 


E_ 1 AAA n 

bnlq2082 


O AO 

O.03 




phi115 


a AO 


OAO RO 


phi121 


O AO 

O.Oo 


Q7 QA 


bnlQ2046 


O AjI 

8.04 


OAft OO 


bnlg1152 


O ACS 

O.OD 


AO 


bnlg1065 


Q A*7 


O't C RQ 


phi015 


a Aft 
O.Oo 


7Q 7R 


phi233376 


o aA 

O.09 


H >I7 QO 


bnlg2122 


A f\A 


007 no 

,oy 


phi032 


A C\A 

9,04 


AQC CO 


i_ * ^ r\r% AAA 

phi108411 


A AC 


HOG A J* 

1^D,04 


phi236654 


A AK 


i -17 Afl 


phi041 


10.00 


O-iyf Q7 


phi96342 


A A AO 


O/IA ifl 


pni059 


•1 A AO 


^AO RA 


bnlq1079 


A A AO 


^7R A*s 


bnlglooo 


A A A'5 

lO.Oo 


iOA CI 


phiOoo 


in no 
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Essentially Derived Variety * 



What is an "FRfientiallv nc^ived Variety"? 

■me concept of essentially derived variety was introduced Into the 1991 Act of the UPOV 
Convention in order to avoid plagiarism through mutation, multiple back-crossing and to 
fill the gap between Plant Sreederls Rights and patents, gap which was becorntng 
important due to the development of the use of patented genetic traits m genetic 
engineering. 

An essentially derived variety is a variety which is distinct and predominantly derived 
from a protected initial variety, while retaining the essential charactenstics of that initial 
variety. 

As indicated as an example in the UPOV Convention, essentially derived varieties may 
be obtained by the selection of a natural or Induced mutant, or of a somaclonal vanant, 
the selection of a variant individual fi-om plants of the Initial variety, back-crossing, or 
transformation by genetic engineering. 

The commereializalion of an essentially derived variety needs the authorization of the 
owner of the rights vested in the Initial variety. 

The concept of essentially derived variety does not at all abolish the Breeder's 
Exemption as free access to protected plant varieties for breeding purposes is 
maintained. It Is not a threat to biodiversity. On the contrary, rt favors biodiversity, 
encouraging breeders developing and marketing original varieties. 
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UP07 Publication No. 644(E) r Section l 



IMTERNATIOmii CONVSNTXQN 
FOR THE 

PROTECTION OF »£tf VARICTICS OP PLAl^^S 

Of December 2, X961, as revised 
at Geneva on November 10 # 1972/ 
on October 23 r 1978, and 
on March 19, 1991 



adopted by the Di^omatic Conference 
on March 19 # 1991 

reproduced from UPOV Publication no* 438 (E] 
iasue Ko. 53 of "Plant Variety Protection" 
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„ ; V . BCMl n atlon of tiw Aoplicaticm 

• ; ,Any deciAioa to grant a bre«dQr<ff right shall require an •xamlnatioii Cor' 
eoBpllanet with tb* conditions under Articles 5 to 9. 'In th« 'eoura« o£ the ' 
•xamlnation» th« authority nay grow tha varisty or carry out oth«r nacessary' 
testa, caaso the growing o£ the variety or the carrying out of ethar ndcass^ry 
testa, or tak« into account the results o£ growing tests or other trials which 
have already bean carried out» for the purposes of exaninatlon* the authority' 
my requico the brQad«r to furnish all the necessary information^ doeunants or 
material. 



Article 13 
Proviaioiial Protection 

Each Contracting Party shall provide aeaavres desigped to safeguard the 
interests of the breeder during the period between the filing or the publica- 
; tion of the application for the grant o£ a breeder's right and the grant of 
that xight. Such neasured shall have the effect that the holder of a breeder's 
right Ahall at least be entitled to equitable remineration from any person who, 
during the said period, has carried Out acta which ^ once the right Is granted r 
require the breeder's authorization as provided in Article 14. A Contracting 
Party aay provide that the said measures shall only take effect in relation to 
parsons when the breeder has notified of the filing of the application. 



C^AFTBR V 
SHE RIGHTS OP THS BRSBDBA 

Article 14 
gcope of the Breeder's Itight 

(1) [ Acts in respect of the propagating nacerial l (a) subject to Artleles IS 
and 16, the following acts in respect of the propagating Baterlal of the pro- 
tected variety shall raquira the authorization of the breeder: 

<i) production or reproducition (mltiplication) , 

(ii) conditioning for the purpose of propagation^ 

(iii) offering for sale, 

(iv) selling or other narksting, 

Cv) exporting/ 

(vi) importing, ' -_ . 

(vli) stocking for any of the purposes Mentioned in (i) to (vi), above* 

(b) .The breeder nay sake his authorization subject to conditions and 
liaitafclons, . , 

(2) f Acts in respect of the harvested naterlal l Subject to Articles 15 
and^ie, . the acts referred to In items (1) to (Wi) of paragraph (1J(b) in 
respec^ of harvest ad Bat erial/ including entire plants and parts of plants^ 
obtainad * through the nnauthorised use of propagating oat arlal of the protected 
variety shall* regtiire the authorization of the breeder, unless the breeder bas 
had ' reasonable ' opportunity to exercise his right in relation to the «aid 
propagating material* 
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in regpecg of cerfealn produecal fiach Contract In^ PAtfty may pvovldo 
that, ■ubj.ct to Arti«2l«« IS And 16, the act« referred to in iteM (1) to (viii 
ot poragiAph (l>(a) in rttdpect o£ prgducti nade dlMctly from harv«t«d sAte- 
ittZ *f Protected variety «am«g within tHe pcovlfllctoa of pArAgraph (2) 
through thA unAuthoriaed »oe of the uid hhrvested BwittrlAX .hAll r JaUe th^ 
•uthoriMtion of the breeder, unlesA the breeder Has had re^Aonabie opportnnity 
to exereifie hia right in relation to the «aid haevested materlaX- - " 

i*^ fgQSsihle additionAl actsT EACh Contracting pArty uy provide that, "fiub- 
,f*?7."-*^'^*'^** ^^^^^ referred hp in ItAttA (Ij to 

(vii) of paragraph {lj(a) 3hAXX aXao raquire the Authorisation of the breedec' 

III tssaenfeiallv derived and certain oth er varieties T (a) The provisions of 
patagraphs (1) to (4) shall Alio Apply in relAtion to 

(1) VArietlea whioh are easentlally derived £^o» the protected variety, 
vhera the protected variety is not Itaelf an esaentially derived variety, 

> li^l I*f****«° "^i'^*^ "^•'t clearly diBtlngulahAble in AccordAnce with 

Article 7 fron the protected variety and 

variily ^^^^^ production requires the reg^eated u^e of the protected 

(b> Por the purposes of eubparagraph <a)(l), a variety $hAll be deened to 
be eBBentiAlly derived from another variety rthe iaitiAl variety-) when 
ti^I^L \\ l« pradonlnantly derived fron the initial VAriety, or froo a variety 
thAt iA iteelf predominantly derived from the initial variety, while retainiw 
«r ^^nf**!^*^ aaAential characteriatica that result from the genotype 

or coMbination of genotypes of the initial variety, 

(il) it is clearly ^istinguighafale from the Initial variety and 
Jni^Lo*!?!*?! ?*, differences which result from the Act of derivation, it 
the initiAl variety in the expression of the easantial characterise 
variety genotype or coribination of genotypes of the initial 

^trS'L =**"t^^,^y derived varieties nay b« obtained for exanple by the selee- 
Irl ?1 *f^if*'''^ "i'**^*' " ■oaaoXonal variant, the selection 

tl^J^^J^^^^ IndlviduAl f ro« plAnts of the Initial VAriety, backcrosaing, or 
transfornation by genetic engineering. 

Article 15 
RgQeptione fcp the Breeder* A Right 

^S-) t Compulsory exceptions j The breeder's right shAll not extend to 
(i) acts done privately and for nor-comaereial purposes, 
(il) Acta done for experimental purposes and 

Purpoae o£ breeding other verieties. And, except 
ifbere the provisionA of Article 14<S) apply. Acts referred to in Article 14(1) 
to (4) in respect of such other VArletiea, 

lOptionnl e^eeption] Motvithatanding Article 14, each Contracting Party 
T!If:.*^ ! /•*!°°^^* ^^^^^ »af*guardlng of the legitiMte" ^' 

tllTJtl i^^'L^^.^^^ ^^^^^ relation to^*ny '^ 

^ S^dl^ n L ^T^^ P"P*Wting pnrpoee.. On their 

own boldinga. the product of the harvest which they have obteined by plAnting- 
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